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PENETRATION DYES LIVING HUMAN ENAMEL! 


BERGGREN, 


Boras, Sweden 


The indirect method demonstrating metabolic processes the enamel aims 
proving the presence the enamel organic matter and demonstrating 
possible pathways assimilation. Investigations the avenues through which 
fluids from the pulp reach the enamel are the greatest importance with regard 
the possibility vital influence the tooth. Participation the enamel 
the life the organism conditional upon the presence such fluid current. 

Most investigations concerning permeability have been made extracted 
teeth, and results are very divergent. greater importance are the investiga- 
tions for finding out substances introduced into the living organism may pene- 
trate the enamel. such material the enamel should able 
come conclusion about metabolism, because would indicate natural 
current tissue fluids. 

Permeability experiments vivo are rather described, and mostly are 
conducted animals. They have been out partly intravital dye in- 
jections and partly staining via the dentin. These investigations too have 
given varying results. 

The greatest interest, however, connected the experiments introduce 
into the enamel the living human tooth via the dentin and the pulp. 
far could find out the literature disposal, there are only descriptions 
such stainings vivo. (Bodecker and Lefkowitz, 1937 and 1938;Wannen- 
macher, 1938 and Kanner, 1938). view the simplicity the method 
must considered rather strange that similar investigations have not been 
made previously. 

Bodecker and Lefkowitz (1937) cut cavities the labial surfaces human 
teeth with No. round burs for half the depth the crowns, care being taken not 
expose the pulps. dry dye, eosin gentian violet, was packed into the 
lower portion the cavities that came contact only with the dentin. 
Oxy-phosphate cement was used seal the cavities. The specimens were taken 
days after insertion the stain. With this method one has reason 
expect positive result, provided there circulating fluid dentin and enamel, 
and provided the dye particles are small enough permeate the possible channels. 
the same time similar experiments were made dogs and monkeys. How- 
ever, very difficult get definite idea about the results the experiments 


the meetings Géteborgs Tandlikaresillskap, Gothenburg ans Svenska 
Stockholm, May 19th and September 12th for pub- 
lication November 19, Because international conditions proof could not sent 
author. The editor made minor revisions the manuscript and corrected proofs. 
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aqueous paste occlusal cavity for days. Pulp not exposed. Photomicrograph 
shows part stained enamel supplied dentin channels untouched preparation cav- 

Fic. Upper left first premolar patient, age mag. 60.) Dry dye 
occlusal for days. Pulp not exposed. Photomicrograph showing uneven limit 
staining. 

Upper left second premolar patient, age (Orig. mag. 5.) Dry dye 
cavity not exposed. Photomicrograph showing staining 
enamel cavity side. 

Fic. The same specimen fig. (Orig. mag. 5.) Photomicrograph showing 
staining enamel palatinal cusp opposite cavity. Secondarily stained area greater 
than that buceal cusp (fig. Dentin and enamel palatal side not influenced 
cavity 

Upper left first premolar patient, (Orig. mag. 5.) Methylene blue 
aqueous paste occlusal cavity for days. Pulp not exposed. Longitudinal 
section. Compare with 

The same specimen fig. mag. 5.) Cross make sure 
that dye dispersion has not occurred during grinding. 

Upper left canine patient, age (Orig. mag. 8.) Dry dye 
cervix for Pulp not exposed. Photomicrograph showing distribution dye 
striae Retzius and bands Schreger. 

Upper left third molar patient, age mag. 10.) Dry 
occlusal for days. Pulp not exposed. Photomicrograph showing tufts heavily 
stained. 


All photomicrographs submitted the author were Agfa color films. the 
could not bear the expense color reproductions the author (July 1942) asked that 
reproductions black and white supplied. Dr. Cheyne (University Indiana) 
made the original black and white negatives and prints from the author’s films. 
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DYE PENETRATION: HUMAN ENAMEL 


with the human teeth the authors say only: experiments 
human teeth indicate that they are somewhat less permeable than those mon- 
keys and that age important factor controlling this About the 
enamel nothing particular mentioned. The experiments Bodecker and 
Lefkowitz (1938) have proved that the enamel impermeable from the surface. 

Wannenmacher certain cases used highly fluorescent dyes, uranine, for 
inlays teeth with pulps well those without pulps and was not able show 
microscopical fluorescence analysis traces the dye the enamel. con- 
cluded that the molecules the molecule complexes were too great pass the 
possible channels the enamel. 

Kanner mixed powdered polychrome methylene blue with water make 
paste and placed thin layer upon the surface the teeth prior extraction, 
protected from saliva means rubber dam. From minutes after 
the application the dye, the teeth were extracted and the enamel surface was 
cleaned once with running water. Cross sections and longitudinal 
were made means cutting disc. According the report, sin- 
gle exception, all the enamel which the surface had been exposed the 
dye, was diffusely stained. The stained area comprised the whole thickness 
the enamel and ended abruptly the dentino-enamel junction. the report 
Kanner photomicrographs are shown, none which, however, are taken 
from his investigation. 

very difficult estimate the staining described successful one case 
Bodecker and Lefkowitz and another Kanner, because the former have 
only one illustration from their experiments and the latter has none. 


METHOD 


these investigations the functioning organism has not been disturbed any 
way except cutting cavity the tooth where the dye has been placed. 

the investigations have been made children years old but 
rare cases also adults. most cases the teeth question have been intact 
premolars which must extracted for orthodontic purposes but, course, other 
intact teeth, the extraction which has been desirable, have been used well. 
quite aware the fact that the conditions these young teeth are particu- 
larly favourable, probaby with wider channelsin the enameland more plentiful pres- 
ence organic matter, circumstances highly facilitating the passage the dye. 

The dye used for these experiments methylene blue (Merck). Experiments 
with other dyes are planned and have begun. The results, however, are not yet 
ready for publication. 

The application the dye has been follows: aqueous paste 
cavity cut occlusally and covered with copper shell. 2a. dry dye the 
exposed pulp. some cases the cavity cut occlusally others labially and 
sealed with oxy-phosphate cement. 2b. dry dye without exposing the 
pulp. some cases the cavity cut occlusally others labially and sealed 
with oxy-phosphate cement amalgam. aqueous paste placed the 
enamel surface after slight grinding one the cusps. cavity preparation 
made but copper shell placed. 


BERGGREN 


RESULTS 


When the dye, aqueous paste, has been placed the cavity and the 
tooth has been covered with copper shell, cemented cervically, the dye spreads 
over the enamel surface the cusps. Penetration from the surface has been 
noticed only one case where the dye penetrated through crack and diffused 
The dye has passed the pulp which has been stained intensely 
blue. most cases the whole dentin layer has been stained, others only part 
it. Secondarily the dye has diffused into limited area the enamel, above 
all labially and palatally. 

2a. With this staining method the results have been the same with above. 
Moisture reaching the dye through the opening the sufficient give 
consistency permitting distribution the enamel. 

2b. establish the existence fluid circulation dentin and enamel the 
pulp most cases has not been exposed. The dye cannot distributed, 
moisture some kind does not make possible or, other words, there are 
fluids the hard tissues the tooth. has been proved that there has been 
sufficient quantity fluid the hard tissues give the dye consistency making 
distribution possible. 

After slight grinding the outer enamel layer one the cusps the dye 
aqueous paste has been placed the surfaces both the cusps. copper 
shell has been cemented cervically. penetration has been established. 

preparing the specimens the technique described Gustafson, dry grinding 
different abrasive and polishing papers, has been followed. Incident light has 
been used for photographing. 

Except for cases, parallel experiments have been made vivo and vitro 
with teeth from the same patient make comparisons. one the teeth 
the dye was placed usual occlusal cavity. The other tooth was ex- 
tracted the same time and the dye, after some hours, placed occlusal 
cavity. The cavities all cases were sealed with oxy-phosphate cement. 
After the application the dye the extracted teeth were kept test tubes, 
instances saliva, and one with moistened cotton. Thus experiments have 
been made vivo and vitro with teeth the same stage development and 
probably with identical qualities. Sectioning days later confirmed stain- 
ing the enamel vivo but not vitro. 

Furthermore, cases parallel experiments have been made that, prior 
application the dye, the teeth had the pulp devitalized and then the dye 
placed the same time both teeth. Extraction and sectioning have also been 
done simultaneously. the teeth with devitalized pulps only small part 
the dentin and none the enamel has been found stained whereas the vital 
teeth the dentin has been entirely stained well limited parts the enamel. 
one case, where the dye was placed labially and the cavity was sealed with 
oxy-phosphate cement, the tooth was not extracted and sectioned until after 
months. examination, days after staining, the dye was found showing 
through the enamel, but the time sectioning total discoloration dentin 
and was found. 

Except continued experiments with other dyes the investigations will the 
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DYE PENETRATION: HUMAN ENAMEL 


future also comprise studies the dye permeability carious teeth and teeth 
having periodontosis. some cases muco-periosteal flap will lifted and the 
dye placed cavity the exposed root. 

course, the author quite aware the fact that permeability may 
looked upon simple diffusion without vital influence, other words simply 
physical phenomenon. However, not probable that staining would have 
been successful physical means alone, and the difference the staining 
vivo and vitro indicates that conditions the vital tooth differ from those 
the extracted tooth. 

These experiments indicate that also, intra vitam, there exists communica- 
tion between the dentin and the enamel and consequently also acommunication 
between the enamel and the remaining organism, communication that may 
the greatest importance for caries prophylaxis and caries therapy. 


SUMMARY 


For the participation the life the organism the enamel must connected 
with the remaining organism through channels for assimilation. Investigations 
the existence these avenues have been made previously chiefly extracted 
teeth and the results have been very divergent. 

greater importance are investigations made find out substances intro- 
duced into the living organism may penetrate the enamel. Such investigations 
have been made intravital dye injections and also staining via the dentin, 
but rule they have been experiments animals. 

the available literature there are descriptions experiments with living 
human teeth. these experiments only are described successful but the 
authors not offer proof 

The investigations the author have been carried out dye applications 
vivo human teeth according varying methods. Methylene blue (Merck) 
has been used for the stainings. many cases the dye has been found have 
penetrated limited areas the enamei. several instances parallel investiga- 
tions with teeth from the same individual, one stained vivo and the other 
vitro, show dye dispersion more extensive vivo than one indi- 
vidual the tooth was not extracted until months. The section tooth was 
found almost entirely discolored. 

the author’s opinion the experiments show that, intra vitam, there exists 
communication between the enamel and the dentin and consequently between 
the enamel and the remaining organism. 


The author wishes express his gratitude Gustafson L.D.S. and Kristoferson 
Gothenburg for making the 
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GRENZ RAY STUDIES ENAMEL MATRIX FORMATION AND 
CALCIFICATION! 


EDMUND APPLEBAUM, 
School Dental and Oral Surgery, Columbia University, New York, 


The work many investigators indicated that there secondary 
enamel after the primary matrix formation. Diamond and Weinmann (3) 
have reviewed and unified this work and drawn new and useful picture 
calcification, largely the basis its solubility acid. They showed 
that takes few months form the human enamel matrix and then the 
ameloblasts cease function. The next stage, calcification, begins the 
highest point the and proceeds the direction the dentino-enamel 
junction. then continues transverse relation the incremental lines, along 
the peripheral surfaces enamel far the region. They (3) felt that 
“enough calcium salts perhaps colloidal state must the matrix 
from the very beginning its formation give some degree hardness 
additional salts are subsequently transmitted the already formed enamel mat- 
rix, then such transmission must come directly from the surrounding tissue the 
blood stream. would strikingly appear, however, that the process 
the calcium salts existing within the 
enamel matrix organic colloidal state.”’ 

But there are several difficulties involved explaining the increased radio- 
pacity the calcified enamel when compared with the enamel matrix seen 
figs. and without addition more For theoretically, the ab- 
sorption suffered x-ray beam depends only the number and kind 
atoms which the-beam encounters. 

Recently group workers here and abroad, independently showed 
ical analysis, that only portion the and phosphorus present the 
enamel matrix laid down lines, and that during calcification 
the and phosphorus increase while, pari passu, the matter and the 
moisture decrease (2, Thus the increase the radiopacity the enamel 
during definitely correlated with the chemical findings in- 
creased amount and phosphorus. the same time there must 
complete change the amount and chemical nature the matrix 
dissolve acid, seen 

These findings led reexamination the grenz ray such seen 
fig. and reconsideration the nature the radiopaque line seen the 
dentino-enamel junction the unerupted incisor. The problem whether this 
line simply artifact before the question Mackie 


Received for publication November 18, 1942. 
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ENAMEL FORMATION AND CALCIFICATION: GRENZ RAY STUDY 


line was raised concerning the hypercalcified surface layer the enamel. Thew- 
lis (10) first described this surface layer radiopaque white line the x-ray 
negative but Hollander and Saper (7) claimed was artifact. Then Thewlis 
(11), using microphotometric tests replied that though was part artifact, 
was superimposed true surface effect increased density the enamel. 
Hodge, Van Huysen and Warren (5) and the present writer (1) sided with 

The Mackie line the dentino-enamel junction unerupted teeth, such the 
incisor fig. can investigated another way, namely, changing the 
chemicals employed radiographic development. Theoretically, the developed 
radiographic image consists grains silver, formed the developer from silver 
bromide crystals which occupied the same position the emulsion the film 
before development. With developer there tendency for the 
image confined the surface the emulsion and with de- 
veloper for penetrate through the whole emulsion. Sometimes there 
curious effect the edge developed image; the bromide liberated during 
development the heavy image prevents the fog grains close the edge the 
image from developing. cases this will surround dense image with 
white line. This the Mackie line and the best chance avoiding it, according 
Dr. Wilsey Eastman Kodak Co., use developer which relatively 
insensitive the restraining influence bromide. 

The developer formerly used for grenz ray negatives was straight metol hy- 
droquinone carbonate formula. This produced the Mackie line readily with 
aluminum penetrometer test object, but was absent when used the 
alkali Kodalk developer. reasoned that the Mackie line persists the 
dentino-enamel junction even with Kodalk developer, then not entirely arti- 
fact, but has some anatomic basis. did persist the film fig. and ona 


Grenz ray negative ground section unerupted permanent incisor year old 
child. Note beginning calcification enamel unerupted incisor incisal edge. Note 
dentino-enamel junction unerupted incisor, demarcating enamel matrix 
from dentin. 

ray negative ground section unerupted permanent lower canine 
year old child. Note progress calcification enamel toward cervix tooth. 

Grenz ray negative ground section unerupted incisor year old child. 
Note complete calcification enamel. 

Grenz ray negative ground section unerupted molar young monkey. 
Note variations radiopacity along lines Retzius enamel matrix. Also note begin- 
ning calcification cusps transverse relation the lines Retzius. 

Photomicrograph human molar with proximal incipient caries 
showing lesion enamel without cavity formation. Retzius entire enamel. 

Grenz ray negative molar fig. showing decalcification enamel ap- 
proximal surface. The leaching out mineral salts this point has disclosed lines 
Retzius-pattern matrix formation. 

Grenz ray negative ground section rat incisor. The rat was given injec- 
tions NaF hour intervals Dr.I.Schour. Radiolucent lines dentin are primary 


effects injections while radiopaque lines are secondary effects. Note, however, uniform 
radiopacity enamel. 


EDMUND APPLEBAUM 


subsequent trial. After all, there slight difference radiopacity between 
dentin and enamel matrix due enamel gradient which accounts for the 
Mackie line the dentino-enamel junction, although this region the enamel 
has not yet begun calcify. 

Fig. grenz ray negative ground section the unerupted permanent 
incisor year old child. The Mackie line seen the dentino-enamel junc- 
tion the unerupted incisor extending from the incisal area, which has really 
begun calcify, the cervix. The Mackie line also seen fig. une- 
rupted lower canine from yeaf old child sent the writer Dr. Schour. 
this negative the progress calcification toward the cervix the tooth, 
transverse relation the lines Retzius, evident. fig. grenz ray nega- 
tive ground section unerupted lower incisor from year old child, 
given the writer Dr. Rogers, the enamel completely calcified. 

young monkey described previously (13). The Retzius lines were apparent and 
close examination the ground specimen also showed lines running from the 
dentino-enamel junction the summit the cusps, transverse relation the 
ines Retzius. These lines indicate the beginning calcification and were 
first demonstrated decalcified sections also give evidence in- 
creased density the Becke test the ground section. The enamel very 
fragile this uncalcified specimen and two fracture lines appear near the summit 
the cusps. The grenz ray picture shows the increments development the 
enamel matrix with variations density along the Retzius lines, like Liesegang’s 
rings. The Mackie line the dentino-enamel junction demarcates enamel 
matrix from dentin. addition this very early stage the calcification 
rhythm transverse relation the lines Retizus, beginning the separate 
cusps, can seen. may that this calcification process follows the direction 
the Bands Schreger, with variations radiopacity part the process (6). 

Incipient caries enamel seen ground section (fig. decalcification 
the enamel without actual cavity formation and lines Retzius are evident 
the entire enamel. the grenz ray picture this ground section (fig. the 
decalcification carious enamel seen the reverse calcification. The lines 
Retzius are disclosed only the site the lesion, removal the calcium 
salts deposited during enamel calcification. 

fig. Mackie line, which partly artifact, noted the surface the 
lesion. has been shown, however, (1) that this surface enamel actually 
slightly denser than the rest the enamel and more solution 
acid. Deeper the carious enamel the lines Retzius, which are the original 
pattern matrix formation and which are not lost although they had been ob- 
the superimposed process calcification, are visible. the other 
hand, injuries the enamel during matrix formation are covered the 
calcification process occurring later, transverse relation the incremental 
particularly striking grenz ray pictures human enamel 
specimens sent the writer Dr. Schour (8) although the ground sections 
clearly show injury the enamel matrix along the lines Retzius. Fig. 
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grenz ray picture ground section prepared from the incisor rat 
given injections NaF hour intervals Dr. Schour ground 
section showed the effects the injections. The primary effects the injec- 
tions are shown the grenz ray picture radiolucent lines and the secondary 
effects the radiopaque lines the dentin. The uniform radiopacity 
the enamel the grenz ray due the calcification rhythm which obscures 
the injuries the enamel martix. 


SUMMARY 


There are two processes enamel development disclosed the grenz ray: 
matrix formation (organic phase—radiolucent—acid insoluble), and 
fication (inorganic phase—radiopaque—acid soluble). The matrix formation 
rhythm occurs first series bands along the lines Retzius, and 
then the calcification rhythm occurs transverse relation these bands. The 
calcification rhythm obscures the formation rhythm adult enamel but the 
decalcification occurring caries, the original matrix pattern again disclosed. 
the other hand, injuries the enamel during matrix formation are covered 
the calcification occurring later, transverse relation the Retzius lines. 
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established clinical fact that the vital dental pulp irritable. The 
existence nerve tissue within the pulp has been accepted for many years and 
the manner which sensation transmitted from the pulp the brain under- 
stood, but the mechanism whereby sensation conveyed through the dentin 
the pulp still matter dispute. 

The dental pulp responsive variety stimuli. Cold, heat and electric- 
ity, well chemical and mechanical stimuli may perceived the vital 
tooth. Although possible conceive dentin inertly permitting the pas- 
sage into the pulp thermal and electrical stimuli, chemical irritants 
entering the pulp through osmosis, the pain sensation following mechanical 
stimulus, such the application instrument the dentin, appears re- 
quire different method conduction, i.e., the stimulation some organized 
tissue within the dentin. 

What this tissue may still disputed. Some investigators hold that there 
are nerve fibers the dentin, branches the pulpal nerves. This theory has 
led the partially successful use topical anesthetics applied the dentin 
obtain anesthesia this tissue. second group believes the dentin de- 
void nerves, affirming that osmotic changes the fluid content the dentin 
are responsible for its sensitivity. The proponents this theory therefore, 
have resorted the use caustic and desiccating obtund dentin 
and certain degree success has been achieved. third school holds that 
the absence nerves, Tomes’ fibers (processes the odontoblasts penetrating 
the dentinal tubules) are the pathways which sensation conveyed through 
the dentin. 

These different hypotheses have been based upon physiological and histological 
evidence well upon analogy with other tissues. Since nerves are essential 
for the transmission pain other tissues, has been argued that they are 
similarly essential for the conduction pain-evoking stimuli through dentin. 
But the histological evidence that has been adduced the effort solve this 
problem conflicting. For every worker who has found nerve fibers the 
dentin, there has been another who has found none whatsoever. Because 
these conflicting claims, has been considered necessary again take this 
problem. 

Before continuing, advisable review the structure the pulp and 
dentin. 
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STRUCTURE PULP AND DENTIN 


Chemically the dentin composed approximately per cent inorganic 
salts. The balance consists water and the organic material composing the 
matrix the dentin, this last made fine collagenous connective tissue 
fibrillae. 

Under the microscope seen consist solid matrix, permeated through- 
out fine tubules radiating outward from the inner surface the dentin. 
These are known dentinal tubules. They pursue slightly wavy course, 
somewhat like attenuated the pulpal surface the dentin the 
have diameter two three microns, narrowing they approach the pe- 
riphery the dentin till they attain diameter about one micron and termi- 
nating branching. The tubules are closely packed, and are separated from 
each other matrix two three microns thickness. They give off fine 
lateral extensions intervals several microns, these serving connect ad- 
jacent tubules. cross-section the dentin resembles sieve, the matrix im- 
mediately surrounding each tubules taking darker stain than the remainder 
the matrix. This darker staining portion the matrix has been known 
the sheath Neumann, and formerly was believed differ from the rest the 
dentin. has been demonstrated, however, that the deep color artefact 
staining the dentin matrix appears structureless but 
special stains reveal that has fibrillar structure. 

The innermost portion the dentin, the predentin, forms border about 
microns width and takes lighter stain than the rest the dentin. 
the most recently formed dentin and contains higher proportion organic 
matter. 

The pulp composed variety tissues. The greater part consists 
embryonal type connective tissue cells and intercellular These em- 
bryonal type fibroblasts have stellate cytoplasm and large, oval, palely staining 
nuclei. They and the intercellular fibrillae form the supporting tissue 

The odontoblasts, which are closely adapted the inner surface the dentin, 
resemble columnar epithelium, but are generally believed modified con- 
nective tissue cells. possesses oval nucleus, and has its 
eral end long, filaceous extension, the dentinal Tomes’ fiber which enters 
the mouth dentinal tubule and runs through the dentino-enamel junc- 
tion, dividing its end follow the terminal divisions the tubule. The 
fibers have fine lateral extensions which traverse the side branches the tubules, 
seeming form anastomoses between adjacent fibers. The odontoblasts taper 
narrow points their essential that this appearance kept 
mind, since with silver stain there strong resemblance these extensions 
the branches the nerve plexus the base the odontoblast 
viously was believed that the odontoblasts were the formative agents the 
dentin, whence their designation. Recent study, however, has shown that 
the intercellular fibrils the pulp that are altered form the dentin matrix 
into which inorganic salts are deposited. These fibrils unite form delicate 
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fasciculi, called von Korff’s fibers (3). They pass from the pulp 
between the odontoblasts and enter the dentin matrix. may ascertained 
from their staining properties, there possibility their being confused with 
the nerves the pulp. 

The pulp possessed rich blood supply, more young than old 
individuals. The arteries the teeth are branches the inferior and superior 
alveolar arteries, and through the apica! foramen enter the pulp. They divide 
immediately upon entering, and decrease size they advance until they 
form capillary network under the odontoblast layer. The circulation 
pleted venules which unite form delicate veins. These leave the pulp 
way the apical foramen, and through other veins debouch into the pterygoid 
plexus. Lymphatic vessels are believed exist the pulp, although their 
exact distribution has not been worked out. 

The teeth are innervated sensory branches the trigeminal nerve. These 
enter the pulp through the apical foramen myelinated fibers which divide 
rapidly. This division continues the nerves approach the periphery the 
pulp, where they lose their myelin sheaths and interlace form the subodonto- 
plexus Raschkow. 

close conjunction with the arteries are found fine, non-medullated nerve 
fibers, believed branches the nervous system. These are 
imbedded the arterial coats, and extend from one artery another. 
They probably have vasomotor function. 


MATERIAL AND METHODS 


Three different types material were used this work: adult human per- 
manent teeth, deciduous tooth germs, degrees calcification from 
the jaws stillborn infants, and the deciduous and permanent teeth kittens. 

The adult human teeth were freshly extracted, non-carious and vital. The 
apices the roots were removed with rongeur forceps and the teeth fixed 
per cent formalin. The teeth from the stillborn infants were removed from 
the jaws within few hours after delivery, the entire jaws were removed, and 
placed per cent formalin. The cat teeth were obtained follows: 
Under ether nembutal anesthesia, the left mandibular canal was opened 
the molar region and the entire contents ligated and cut. this fashion 
attempt was made sever the sympathetic nerve fibers the wall the in- 
ferior alveolar artery well the fibers the inferior alveolar nerve. After 
period weeks, the cats were killed and the canines, premolars and 
molars and contents the mandibular canals both sides were removed. The 
teeth were fixed Boeke’s fluid and the nerves Bouin’s. 

After fixation the teeth were per cent acid 
per cent nitric acid. difference the tissues was noticed regardless 
whether one the other acid was used. The periods decalcification ranged 
from weeks several months, depending upon the acid used and the extent 
calcification the teeth. determine whether the teeth were soft enough 
for cutting, fine needle was inserted into the dentin. was fol- 
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lowed washing the teeth running tap water for about week, after which 
they were washed distilled water for several days, imbedded paraffin and cut, 
except those teeth that were receive silver stain. These were treated 
according the Bielschowsky technique and then embedded. Sections 
were cut thicknesses varying from micra and stained with haematoxy- 
lin and eosin, van Gieson’s and Mallory’s stain. 

Photographs were taken glass plates magnifications 1650 diameters. 
There has been retouching piecing together any the photographs. 


REVIEW THE LITERATURE 


The outstanding proponent the hypothesis that dentin possesses nerves has 
been Howard Mummery Using metallic impregnations and nuclear 
stains found fibers, which believed nerves, leaving the plexus 
Raschkow pass between the odontoblasts and form fine 
between the odontoblasts and the inner border the dentin. From this plexus 
Mummery traced branches into the dentinal tubules. These fine, beaded fibers 
were followed Mummery though the entire extent the dentinal tubules, 
far the enamel and cementum. Mummery later expressed doubt the 
existence the “marginal plexus” (13). 

The opposite view has been taken Hopewell-Smith (8), basing his objec- 
tions upon Mummery’s techniques, such the staining and restaining sec- 
tions, the prolonged heating tissues temperature near the boiling point 
water, and Mummery’s drawings depicting the so-called nerves, among other 
unlikely appearances, series dots radiating through the dentin. be- 
lieved that the fibers seen Mummery were connective tissue and not nerves, 
since, according Mummery these fibers withstood comparatively high tension, 
and Hopewell-Smith argued that non-myelinated nerves would not have high 
tensile strength. The structure described Mummery nerves were not 
found this work. nerves were seen enter the dentin, and the author 
inclined agree with Hopewell-Smith the connective tissue character 
these filaments. Not overlooked the possibility that these fibers may 
have been von Korff’s fibers, since these may demonstrated with the same 
type stain nerve fibers. 

Tojoda (21) claimed have found two types nerve fibers entering the 
lentin. The first referred intratubular nerves, making their way into 
the tubules conjunction with the dentinal fibers, the second intertubular 
nerves, entering the ground substance the dentin from the pulp, and after 
running the dentin for short distance piercing the wall the dentinal tubule 
continue their course intratubular nerve fibers. These supposed nerves 
lay upon the dentinal fibers, were beaded, and emitted lateral shoots, terminat- 
ing times oval thickenings which were “either unusually large coagulation 
beads special end bulbs the nerve The technique used Tojoda 
reveal these fibers consisted decalcification the teeth formic acid and 
formalin, then subjection the teeth electro-osmosis remove the 
products decalcification. This procedure, according Tojoda, permitted 
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sharper staining the supposed nerves contrast with the dentinal fibers. 
The sections were stained silver impregnation after the technique Biel- 
schowsky. 

The work Tojoda was supported part the findings van der Sprenkel 
(22). Using thick frozen ground sections, van der Sprenkel found the intra- 
tubular fibers described Tojoda and considered him nerve fibers. 
These van der Sprenkel claimed located within the wall the dentinal 
fiber. One nerve fiber was found end ring within the tubule, its 
nervous character.” highly probable that the nerve fibers found Tojoda 
and van der Sprenkel within the tubules, were not nerves but segments the 
odontoblastic fibers, since these times form rings and spirals within the 
tubules, probably due shrinkage and distortion resulting from fixation and 
dehydration, and, will seen, stain well with metallic impregnations. 

Stewart took issue with Tojoda (17, 18). his opinion Tojoda’s work was 
imcomplete and lacked controls. one means checking Tojoda’s claims, 
Stewart performed unilateral section the inferior alveolar nerve and 
artery inacat. After degeneration the nerves anterior the site operation 
had ensued, Stewart made frozen ground sections the teeth from both halves 
the cat’s mandible. These sections were stained with gold chloride. The 
dentin from each these teeth, from either side the mandible, had identi- 
cal appearance, and Stewart therefore concluded that there were nerves 
dentin. Stewart’s technique was theoretically good, but ground sections are not 
indicated this field. The debris filling the tubules, and the destruction 
soft tissue consequent upon this method preparation obliterate detail and lead 
inability make careful observation and mistakes interpretation. 

Allen (1) made ground sections teeth and stained them with silver. 
His photographs show the tubules contain thick fibers, terminating large, 
bulbous end organs. Allen claimed that not only were these nerve fibers, but 
that they were myelinated well. generally agreed that the nerves forming 
the sub-odontoblastic plexus, from which these called nerves would most 
likely spring, are non-myelinated that point, and improbable that these 
nerves would regain myelin sheath after having lost it. likely that the 
structures believed Allen nerves were reality Tomes’ fibers, and the 
bulbous end organs were either artefacts areas uncalcified ground substance 
the dentin. 

Deeply staining fibers which entered the predentin, described are and re- 
turned the pulp, were found Chase (5). considered these dentinal 
nerves, and believed that the found Mummery were actually the 
fibers von Korff. 

sections were cut the freezing microtome Lewinsky and 
Stewart (11). Nerves were found them the predentin only, the authors 
surmising that calcification proceeds, the nerves within the dentinal tubules 
are destroyed. 

The work Chase, and that Lewinsky and Stewart poses two interesting 
questions. First, since the dentinal fibers remain intact and the tubules remain 
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patent during normal calcification, why should the nerves only destroyed, 
and not the dentinal fibers possible that these were 
segments dentinal fibers artefact. Second, these nerves are found only 
the predentin, are thrown back upon the assumption that some other con- 
ductive tissue intervenes between the outside the dentin and these predentinal 
nerves. 

Contradictory findings are reported Brashear (2) who used variety 
stains and methods decalcification, and who spite this, found nerves 
dentin. 

The research Tiegs (20) involved the use decalcified dentin sections 
stained with silver the Bielschowsky technique. found what believed 
end organs the mouths the dentinal tubules, but could not trace nerves 
into the dentin. observed that difficult distinguish the tapering inner 
ends the odontoblasts from the nerve fibers the pulp and made the following 
statement. mesenchymal, rather than the epiblastic origin the odonto- 
blasts has been urged objection their serving pain receptors. But 
there priori reason why sense cells should exclusively epiblastic; they 
are predominantly because this layer that most likely come into con- 
tact with the outside world.” 

Like Tiegs, the author has found nerves entering the dentin from the pulp. 
Unlike Tiegs, however, has found end organs the entrance the tubules, 
nor has anything been noted this region that could said resemble them. 

What were believed nerve cells the pulps human teeth were found 
Carol-Montfort (12), who also found nerves the dentinal tubules. This 
discovery pulpal neurones particularly open question. Since the nerve 
fibers the pulp stain well, neurones should found more frequently, but most 
investigators have failed find these cells, concluding that they are fibroblasts. 


OBSERVATIONS 


These observations will divided into three parts, coincident with the three 
types tissue used. 


Adult Human Teeth 


Pulp. Shortly after leaving the main bundle nerves the pulp, the nerve 
fibers lose their myelin sheaths and pursue undulating course toward the 
odontoblast lining the inner surface the dentin. These fibers stain 
deeply and intervals are seen beaded. Upon nearing the base the 
odontoblast they interlace form plexus, from which fibers were 
observed leave penetrate the odontoblast layer enter the dentinal tubules. 
The author, even after careful study, has been unable find any evidence 
marginal plexus. The odontoblasts least affected preparation the tissue 
are intimate contact with the inner surface the dentin. The dentinal 
fibers projecting from their flat peripheral ends pass directly into the tubules. 
These fibers completely, nearly, fill the mouths the tubules and are acido- 
philic, the balance the cytoplasm the odontoblasts. Here and there, 
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especially where the odontoblasts have been pulled away from the dentin the 
process preparation, the odontoblastic fibers are attenuated, and were not 
that their origin readily determined, might mistaken for nerve fibers. 

Dentin. the dentinal tubules, regardless the stain used, the most con- 
stant and prominent structure the fiber appears 
shrunken, undulating fiber thick fiber completely filling the tubule. 
may traced from its entry into the tubule the surface the pulp through 
the tubule the periphery the dentin where branches with the terminal 
branches the intervals several micra beads may observed 
these fibers. When the fibers have not shriveled, these beads 
are entirely within the confines the fibers and when shrinkage has taken place, 
the beads are thicker than the fibers. The lateral branches the fibers are 
emitted spaces micra, their point origin the main fiber having 
relation the beading, and pass directly into the lateral communicating 
tubules, seeming form anastomosis between the dentinal fibers adjacent 
tubules. 

Certain anomalous appearances these fibers may noted. 
they reveal themselves rows beads seemingly having connection with 
other, other times they coil like form complete circles 
within the tubules. figures are found particularly when the fibers have 
shrunk, and may conceived artefacts. 

The fibers when stained with silver appear slightly thicker the whole than 
the sections treated with other stains. This effeet probably due the 
precipitation the silver the outside the fiber, the 
penetration the other staining reagents. may worth while this 
point emphasize the fact that this same intratubular fiber 
that demonstrated all the staining methods used, whether silver gold 
impregnation, haematoxylin and eosin, van Gieson Mallory. 

Sharing the tubules with the dentinal fiber another much thinner fiber. 
Its course within the tubule wavy, that times appears upon 
the dentinal fiber and other times seen the side the thicker fiber. 
This secondary fiber, will referred henceforth, seen 
nodulated, and has not, vet, been found possess lateral 
morphology and staining properties, bears strong resemblance the dentinal 
nerves found certain investigators. secondary fibers were found, with 
certainty, only the outer dentin. possible that the failure find them 
the inner dentin was due the tortuous course the tubules this region 
and their close relation other, making distinguish 
tubule wall. 

the inner openings the dentinal tubules, these fibers were not 
The only structures seen enter from the pulp were the dentinal 
fibers. 

Kitten Teeth-control 

Pulp. The pulps these teeth, like those many animals have poorer nerve 

supplies than those human teeth. however, the main structures 
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resemble human tissues closely enough provide basis comparison. 
the human teeth, the pulpal nerves were traced further than the base 
the odontoblastic laver. The odontoblasts were each seen emit one fiber 
from their peripheral ends, passing unaccompanied any other tissue into the 
mouths the dentinal tubules. 
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Fic. Human adult dentin. fiber, b—secondary fiber. Orig. mag. 
Van Gieson stain. Fic. Human adult dentin. a—odontoblastie fiber, 
secondary fiber. Orig. mag. Bielschowsky stain. cat: control dentin. 
cat: operated side. a—secondary fiber, fiber. Orig. mag. 
and stain. Fic. Human tooth germ. a—dentin, b—predentin, 
fibers entering tubules, d—odontoblasts, e—pulp. Orig. mag. and stain. 
Fic. Human tooth germ. a—two undifferentiated fibers within tubule. Orig. mag. 
Gieson stain. 


Dentin. Within the dentinal tubules, structures similar those found 
human teeth were observed (fig. were the fibers which 
could followed from the pulp the periphery the dentin, and the secondary 
fiber, found the outer part the dentin. Morphologically these 
sembled those already seen the human teeth, their staining properties were 
also identical and isolated section this kitten dentin could not distin- 
guished from the corresponding human tissue. 
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Kitten Teeth-operated 


Pulp. The pulps these teeth show striking changes from the controls. 
The odontoblastic layer broken places, the pulp tissue has completely, 
nearly, disappeared replaced dense cellular tissue. this dense 
tissue, other structure can seen, blood vessels, nerves. those 
parts the pulp not completely changed, blood vessels may found fewer 
numbers than the normal pulp, but nerve fibers are found. The existing 
odontoblasts stain like their counterparts the control teeth. Where they re- 
main apposition the inner surface the dentin, the fibers 
may observed entering the mouths the tubules, unaccompanied any 
other tissue. 

Dentin. The dentin, and the contents its tubules, exactly resemble that 
the control teeth (fig. change the type fibers nor their 
character. The odontoblastic fiber pursues its usual course, attended the 
the secondary fiber. Were the pulps completely removed from these teeth, 
would impossible tell which tooth was the control and which was taken 
from the operated side the mandible. 


Human Tooth Germ 


When the enamel and dentin the tooth germ have been formed the 
pulp resembles general that adult tooth (fig. The 
the supporting tissue the pulp, the vascular all are present and 
functioning. However, one marked difference observable, the complete ab- 
sence nerves the serial sections tooth germs, with dif- 
ferent stains, fails reveal any evidence pulpal nerves. 

Dentin. the dentin this stage development reveals 
strong resemblance the dentin adult teeth fiber, 
staining strongly accompanied the secondary fiber such has been found 
already the dentin adult teeth. This fiber possesses the same 
staining and morphological characteristics the secondary fibers found the 
tubules adult dentin, which say, resembles the dentinal nerves 
reported other however, the tooth germs stillborns have 
nerve supply, these fibers cannot nerves. The question their identity 
will considered the 
DISCUSSION 
There are several technical which must considered evaluating 
the different methods approach the problem dentin 
tissue refractory that observation, let alone interpretation, most arduous. 

One method studying dentin the use ground sections. Although 
this technique great value studying the hard parts teeth, would 
seem contraindicated when looking for such soft delicate tissues nerve 
When dentin ground, the tubules become filled with debris, and 
the soft tissues are torn and 


21 


be 


JULIAN AMBROSE 

Much dependence has been placed some authors upon the specificity 
the stains the demonstration nerves dentin; for example, im- 
pregnations, and one purpose this work has been determine the value 
this technique. Various stains were used checks upon one another, and 
was found that the whole, regardless the stain used, there was essential 
difference the appearance the structures within the tubules. 
which agreed all workers the fiber, and therefore ad- 
mittedly non-nervous character, could stained equally well all tech- 
niques, including haematoxylin and eosin, van Gieson, and 
the tubules, was found that the dentinal fibers were invariably more promi- 
nent than the secondary fibers with all stains. the dentin matrix, the col- 
lagen fibers were found take silver gold stain that here again 
uncritical conclusion concerning their nervous character might have been drawn. 
Because these observations would appear completely untenable base the 
claim the demonstration nerves the dentin supposed staining 
methods. 

Various investigators have reported the tracing nerve fibers from the pulpal 
nerves, past the odontoblast laver and into the dentinal 
claimed have found these nerves entering the dentin matrix from the pulp. 
The author has found nerves approaching the dentin closer than the inner 
surface the odontoblast laver, and none were observed enter either dentin 
matrix dentinal tubules. The only structures found within the dentin were 
the odontoblastic fibers and, the outer adult dentin, the secondary fibers, 
both within the tubules. 

Since reliance could not placed upon the staining properties the tissue, 
other methods were utilized. One these was the unilateral sectioning the 
inferior alveolar nerve and blood vessels the mandibles kittens. these 
secondary fibers the dentinal tubules were nerves, there would strong 
likelihood their disappearing consequence such operation. How- 
ever, observation the teeth these animals, from the control and operated 
sides, revealed difference whatsoever the dentin. dentinal and 
secondary fibers were equally prominent all the teeth. 

The studies adult teeth and the results the operations upon kittens 
presented strong evidence the non-existence nerves dentin. However, 
because the possibility flaw the operations, such failure 
all the nerves during the operation, the possibility that the teeth were re- 
moved for observation before complete degeneration had taken place 
nerves these teeth, the deciduous tooth germs stillborn infants, whose ages 
varied from months utero were 

Wasserman (23) and others studying this type tooth have found, the 
neurotization the teeth does not occur until after confirmation 
their findings, the author has observed serial sections tooth germs from sev- 
eral fetuses. These teeth were sectioned situ the mandible, removed 
that silver impregnation could not one the pulps 
these teeth were nerve fibers found. This was particularly striking 
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sections made situ. Here, the inferior alveolar nerve traverses the mandibular 
directly beneath the open apices the teeth, and not single nerve fiber 
seen leave the main bundle enter the pulps the tooth germs. However, 
the dentin these teeth which had nerve supply all, any time, the 
secondary fibers were found the association with the dentinal fibers, 
and the microscopic appearance these teeth exactly like that the normal 
innervated adult tooth except for the presence the latter the pulpal nerves, 
the dentin appearing exactly alike. 

Although now evident that these secondary fibers, which have been 
looked upon nerves, are not nerves, the question still remains the identity 
these explanation, the author would like offer hypothesis, 
based upon observation the developing tooth germ. 

The odontoblast commonly conceived possessing one process, the dentinal 
odontoblastic fiber, penetrating the dentinal tubule from the pulp and travers- 
ing this tubule ramify the terminal branches the tubule the dentino- 
enamel junction. Let us, however for the present, regard the dentin and the 
odontoblast from the rather than the anatomical viewpoint. 

The cells which may considered the primordia the odontoblasts are 
those fibroblasts the periphery the dentin papilla. the 
stages development the tooth they are indistinguishable from their 
fellows deeper within the expanding pulp. However, growth proceeds, these 
undergo irregularly shaped cell with stellate 
processes distributed around the periphery like the spokes wheel, the cell 
begins assume roughly columnar shape, pointed toward the outside the 
papilla, and the processes reorient themselves that they spring from the inner 
and outer ends the now, bipolar outer processes, eventually 
come the fibers, are extremely fine, wavy, and nodulated, bearing 
strong resemblance the terminal branches sensory nerve fibers (fig. 

During dentinogenesis the odontoblast increases markedly size and assumes 
the form the mature cell, the inner end tapering gradually fine filament, 
and the outer fibers thickening. the dentin matrix takes place 
around these outer fibers, resulting the formation the terminal portion 
the dentinal the tubules continue form, they enclose one more 
fibers. The odontoblasts retreat centripetally, the dentinal 
lengthening after the manner spider spinning strand silk 8). 

When the inward growth the dentin has progressed distance approxi- 
mately micra the terminal tubules unite groups more form 
the main dentinal found, however, that the several 
fibers fail unite the same time the tubules, and they continue exist 
separate fibers further distance within the main two 
fibers may seen, both presumably attached and receiving equal nourish- 
ment from the parent cell, since differentiation has vet 

the odontoblast retreats before the developing dentin, its peripheral fibers 
eventually fuse into one, some instances, one more fibers lose their 


connection with the parent severed fibers, deprived nourishment, 
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undergo degeneration, shrinking diameter, becoming refractory staining 
and finally achieve resemblance fine nerve filaments, especially when 
the nodulation remain evident. 

This process leaves only one vital, fully developed structure within the tubule, 
the dentinal fiber connected the odontoblast. There being other tissue 
which could expected act means transmission sensation 
through the dentin, may considered probable that the dentinal fiber remains 
the logical agent for the execution this phenomenon. 

the following statement from Adrian’s 
quoted Brashear, appears especially relevant: current opinion 
histologists that the free nerve endings the corium, the cornea the eye, 


Fic. Human tooth germ. a—inner enamel epithelium, b—odontoblast, e—bicornuate 
odontoblast and d—stellate primordial mag. and stain. 

Fic. Human.tooth germ. a—inner enamel epithelium, b—predentin, 
with three peripheral processes. Orig. mag. and 


and elsewhere are responsible for pain unnecessary for them 
reach the surface; they are stimulated through medium other, non-nervous 
elements.” 


SUMMARY 
There are nerves dentin. 
The structures previously believed nerves are atrophied odontoblastic 
most probable that the dentinal fiber responsible for the transmission 
sensation through the dentin. 


The author wishes extend his thanks and appreciation Dr. Arthur Ginzler, chief 
the pathology department Sydenham Hospital for his invaluable assistance the prepa- 
ration this article, and Mr. Julius Weber for his photographie work. 
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SECRETION INTRAVENOUSLY INJECTED ELECTROLYTES 
THE SUBMAXILLARY SALIVA CATS! 


WILLS 


From the Department Physiology, School Medicine and Deniistry, University 
Rochester, Rochesier, 


The secretion the submaxillary saliva the cat fluorine and chlorine in- 
jected intravenously during electrical excitation the tympani has been 
studied The purpose the present paper report similar work the 
secretion several radioactive elements which have been injected during both 
chorda and pilocarpine stimulations. 


EXPERIMENTAL 


The technique these experiments has been described detail the previous 
paper (3). The general plan was inject radioactive material isotonic 
solution into the femoral vein cat during submaxillary secretion produced 
either electrical excitation the chorda tympani intravenous injection 
pilocarpine hydrochloride. About one minute after injection the radioactive 
element the collection second saliva sample was begun, that the first 
sample contained all the radioactive material secreted during the first minute 
after its injection. Samples were collected thereafter for convenient pe- 
riods (usually minutes). Arterial blood was drawn from the deep femoral 
artery the beginning and end each period saliva collection after the first. 


RESULTS 


Fig. shows the rates submaxillary secretion the various electrolytes 
(expressed parts secreted per minute per million parts injected) after solutions 
containing either radioactive sodium (as NaCl), potassium (as fluorine 
(as NaF), chlorine (as LiCl) phosphorus (as had been injected into 
the femoral veins cats. evident from this figure that all the elements 
studied could appear the saliva within minute after administration with 
either type stimulation. have explanation for the extreme variability 
the results with phosphorus. 

The submaxillary gland stores appreciable amounts most the elements 
studied here. Thus, contains enough sodium allow form saliva with 
chorda excitation for minutes before completely exhausting its original content 
that element (5). Similarly, there enough potassium allow production 


Read, part, the 20th General Meeting the International Association for Dental 
Research, New York, Y., Merch 14-15, This work was supported part grants 
from the Rockefeller Foundation and The Carnegie Corporation New York. Received 
for publication November 1942. 
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chorda saliva for minutes, enough chlorine last for minutes, and suf- 
ficient phosphorus for 220 minutes. pilocarpine stimulation were used instead 
chorda excitation, the gland would contain enough sodium form saliva for 
about minutes and enough chlorine for about minutes; the times for potas- 
sium and phosphorus would remain about the same with chorda excitation. 
Nevertheless, all these elements could appear the saliva during the first 
minute after their injection. 

the radioactive elements got into the submaxillary gland exchange 
inactive element the gland for active isotope from the blood, one would 
expect that the experiment progressed increasingly greater amounts radio- 
activity would appear the saliva. Instead, many cases the concentration 


Fic. Rates submaxillary secretion various radioactive elements (expressed 
parts secreted per minute per million parts injected) after intravenous injection 
solutions either NaCl, KCl, NaF, LiCl containing respectively radio- 
active Na, Clor Both chora excitation and pilocarpine injection were used 
stimulate secretion the submaxillary gland. 


radioactive element the saliva was highest during the first minute following 
its injection. This may mean that material passed from the blood through the 
gland into the saliva without mixing thoroughly with the normal contents the 
gland, and suggests that only portion the inorganic constituents the gland 
are concerned directly with the formation saliva. there were tub 
surrounding pipe but having only small connection with the lumen the 
pipe. Thus, material could flow through the pipe without mixing thoroughly 
with that the tub, and without influencing markedly the level thereof. How- 
ever, the tub could act reservoir the entrance material into the pipe 
should become either greater smaller than its outflow. The tub probably 
should thought having its own source material parallel with that 
the pipe, and independent overflow. 


CHORDA 
Na 
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some the experiments with pilocarpine stimulation the gland, second 
injection the drug was given after administration the radioactive material. 
This indicated fig. vertical arrow the time the second injection. 
evident that out cases this procedure augmented the secretion 
electrolyte. These experiments are analyzed greater detail Table 
apparent that the elements studied with pilocarpine stimulation fall into 
groups: the rates secretion sodium and chlorine were augmented in- 


TABLE 
Secretion after second dose pilocarpine per cent that just before administration the 


TABLE 
Saliva blood plasma ratios for ordinary and radioactive forms elements 


CHORDA PILOCARPI NE 


Radioactivity Radioactivity 


Parenthetical figures represent the numbers animals giving the values averaged 
yield the means given here. 
Taken from Wills (5). 


creases both rate salivary secretion and salivary concentration element, 
while the augmented rates secretion potassium and phosphorus were due 
entirely increased rate salivation. The salivary concentrations the latter 
elements actually decreased. 

Table contains values for the saliva blood plasma ratios both chemical 
composition and radioactivity for the elements studied. Data the fluorine 
contents the blood and saliva the cat are not evident from 


drug 
ELEMENT P.P.M./MIN. ML./MIN. | P.P.M./ML. 
Chemical* 
0.13 0.23 (3) 0.43 0.22 (5) 
1.68 3.67 (7) 1.65 2.85 (10) 
0.16 0.39 (4) 0.37 0.25 (4) 
0.40 0.28 (7) 0.51 0.15 (7) 
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the table that with chorda excitation all the elements except phosphorus had 
higher saliva plasma ratios radioactivity than chemical composition, 
while with pilocarpine stimulation potassium was the only element maintain 
this relation. 

The cases which the ratio salivary radioactivity that plasma was 
greater than the corresponding chemical ratio first seem indicate preferen- 
tial passage radioactive element from blood saliva. However, the ex- 
planation probably more simple: radioactive material was taken the 
gland time when the specific activity the blood was high, and after lag 
was secreted the saliva. the time eventual secretion the specific activity 
the plasma was relatively low, that the ratio radioactivities saliva and 
plasma was higher than should have been both fluids had the same specific 
activity. There seems explanation for the non-operation this 
mechanism for phosphorus, least with chorda excitation. 

The fact that pilocarpine stimulation yielded saliva plasma ratios radio- 
activity smaller every case with respect the corresponding chemical ratio 
than those obtained during chorda excitation may mean that the supply 
radioactive material the gland the blood became deficient with the former 
type stimulation, that for the formation saliva the gland had draw 
upon its store inactive element supplement the decreased amount active 
element obtainable from the blood. this way the specific activity the 
element the saliva would somewhat diminished. has been shown that 
pilocarpine stimulation the submaxillary gland produced greater saliva flow 
for given blood flow than chorda excitation (4). 

can seen also from Table that the value the saliva blood plasma 
ratio radioactivities for fluorine was only about one-fourth that the ratio 
for chlorine, despite the fact that the halogens usually behave very similarly 
the body. This may mean that some the fluorine the blood existed there 
calcium fluoride, reported Stuber and Lang this form could 
not pass from the plasma into the saliva, but would still found the blood. 
Thus, the saliva fluorine content would determined the free rather than the 
total plasma fluorine concentration, and the ratio saliva fluorine that 
plasma would lower than all the plasma fluorine were diffusible form. 
The saliva plasma ratio diffusible fluorine may have been the same that 
chlorine. 

the experiments with radioactive potassium, chemical determination 
potassium was done that specific radioactivities this element could cal- 
culated. The activity the submaxillary gland was compared with 
that the plasma the time excision the gland. experiments the 
resting submaxillary had mean specific activity 0.4 that plasma, while the 
gland stimulated chorda excitation had mean specific activity 1.4 times that 
plasma. The gland stimulated pilocarpine injection had mean 
activity 2.1 times that plasma. 

process which the gland gained radioactivity some its 
normal potassium for more highly radioactive material the blood should 
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yield specific activity the gland never more than slightly greater than that 
plasma resting submaxillary, with specific activity 0.4 that 
plasma, probably gained its radioactive material entirely exchange. Such 
can not have been the case with the stimulated gland, where the specific activity 
was 1.4 2.1 times that plasma. 

explanation for the high specific activity the stimulated gland, com- 
pared with that the plasma the end the experiment, might that the 
early part the experiment, when the specific activity the plasma was high 
and when the movement potassium through the gland was large, the gland 
stroma (or tub, the terms the previously used analogy) engulfed large 
amount potassium high radioactivity. Some this highly active potas- 
sium would lost the gland during its subsequent secretion, and might 
replaced potassium lower specific activity. However, the end the 
experiment enough the potassium high activity might remain the gland 
yield average specific activity greater than that blood plasma that 
time. This the same mechanism already postulated explain the fact that 
the saliva plasma ratios radioactivities for certain elements were greater 
than those chemical compositions. 


SUMMARY 


Radioactive sodium, potassium, chlorine, fluorine and phosphorus appeared 
the submaxillary saliva cats within one minute after injection into the 
femoral vein during salivary secretion produced either chorda excitation 
pilocarpine injection. 

second dose pilocarpine after injection the radioactive elements usually 
increased the rates secretion these substances. For sodium and chlorine 
this augmentation was produced increases both rate salivary secretion 
and concentration the saliva, while for potassium and phosphorus was due 
entirely increase the rate saliva production. 

Potassium entered the stimulated submaxillary gland from the blood en- 
gulfment rather than exchange. The material ingested the gland 
probably appeared the saliva only after time lag. 


Dr. van Voorhis the Department Physics this university kindly supplied 
the radioactive materials used this work, and Dr. Bale the Department 
Radiology designed and maintained the Geiger-Miiller counter used for the determination 
radioactivity. Drs. Volker and Cheyne rendered valuable assistance with 
the fluorine experiments. 
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INHIBITION EXPERIMENTAL DENTAL CARIES THE RAT 
IODOACETIC ACID! 


PETER DALE VERNON POWELL 


From the Division Dental Research, School Medicine and Dentistry, University 
Rochester, Rochester, 


Previous reports (1, indicate that rats mantained caries-producing diet 
experienced marked reduction the incidence and severity dental lesions 
when the diet was supplemented 200 p.p.m. (parts per million) 
acid the food and p.p.m. the water. However, conclusion regarding 
the respective importance the supplements retarding the progress dental 
caries should drawn. object this study determine whether the 
inhibition experimental caries rats iodoacetic acid function the 
presence the substance, the food, the water, both the food 
and the water. 


EXPERIMENTAL 


Fifty-two female albino rats inbred stock were used this study. 
the beginning the experiment the animals were approximately days old 
and weighed between and They were maintained the caries- 
producing Hoppert-Webber-Canniff (6) coarse corn diet throughout the experi- 
mental period Litter mates were divided into experimental groups 
rats respectively. The animals group received acid 
the food the water and served controls. Group animals received 
supplements 200 p.p.m. iodoacetic acid the food but none the water. 
Those group III were given iodoacetic acid-free food, but received p.p.m. 
the material the drinking water. Group rats were fed supplements 
200 p.p.m. the compound the food, and p.p.m. the water. Unre- 
stricted rations were available all groups. Animal weights were recorded 
weekly. 

the end the experimental period, the rats were sacrificed and the jaws 
removed and examined for dental caries under binocular (X10) microscope. 
modification the method Cox, Dodds, Dixon and Matuschak (3) was 
employed for recording the lesions. was recognized that there was pos- 
sibility different molar areas being affected each animal and that the 
size the carious lesion was subject variation. The number lesions was 
recorded and the number carious areas noted. Each affected area was as- 
signed numerical value depending the extent the carious 

This study was made possible grants from the Carnegie Corporation New York 


and the Eastman Dental Dispensary Rochester, New York. Received for publication 
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perficial slight caries received numerical evaluation moderate caries 

and extensive deep index the extent and severity 

the carious process was recorded total score for each tooth. The total 


220 


200 


IAC 
H20 
100 
Line CONTROLS 
TABLE 
| | NO. OF | AV 
| “ NO. OF NO. OF NO. OF SUM OF m4 
acetic acid the water 
iodoacetic acid the 
food and p.p.m. 


acid the 
water 


Hoppert-Webber-Canniff coarse corn diet. 


score was the product the number affected areas and the value representa- 
tive the size the lesion. Scoring was the compilation the findings 
individuals whose examinations yielded closely agreeing results. 


| 
180 
160 
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RESULTS 


Average weight curves for the animals the various experimental groups are 
shown fig. evident that the administration iodoacetic acid the 
amounts given the experiment did not alter normal growth. 

Table indicates the groupings the animals, their diets and their caries 
scores. Eleven the animals receiving iodoacetic acid the food alone 
(group II) and equal number those receiving the food and the 
water (group IV) were caries-free the termination the experiment. Six 
the group III who obtained the iodoacetate only the water were free 
carious lesions, but only one member the control group was unaffected. The 
control animals had far the greatest total score, 184. The caries score for 
the second and fourth groups, and respectively, show marked reduction. 
The differences between these groups are not statistically significant. The total 
score for the third group, 64, indicates intermediate caries condition though 
appreciable reduction when compared with that for the control animals. 


DISCUSSION 


The findings confirm the reports Miller (1) and and Arnold (2) 
that iodoacetic acid inhibits experimental rat caries. Furthermore, they in- 
dicate that the results observed these workers can probably attributed 
the action 200 p.p.m. iodoacetic acid the diet, although p.p.m. 
the compound the water reduced the incidence rat caries our experi- 
ments. The question which the two modes administration the 
more effective can answered only maintaining one group rats 
established amount iodoacetic acid the food, and similar group com- 
parable level the drinking water. This type experiment now progress. 

The mechanism which iodoacetic acid inhibits experimental rat caries has 
not been described. (1) the opinion that acts specific inhibitor 
the enzymatic processes phosphorylization and dephosphorylization, pre- 
sumably concerned with the initiation caries. Methods applied the study 
the mechanism which fluorides inhibit rat caries, viz. desalivation deter- 
mine whether not the effect mediated through the saliva (4) and parenteral 
administration test the effect through systemic activity (5), are being applied 
the investigation iodoacetic acid the same capacity. The seeming ability 
comparatively low level iodoacetic acid the drinking water (20 p.p.m.) 
effective reducing the incidence experimental caries without simul- 
taneously producing undesirable systemic changes encouraging. This plus 
the apparent inability the substance affect the calcifying tooth mottling 
the enamel furnish reassuring basis for further experimentation. 


SUMMARY 


Reports that acid inhibits dental caries the rat have been sub- 
stantiated. results can explained the action acid 
the food alone, although acid the drinking water also capable 
inhibiting experimental rat 
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The authors acknowledge with gratitude the assistance Dr. Volker making 
the study and preparing the report. 
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OBSERVATIONS INDUCED CARIES RATS! 


IV. Errect INGESTED AND 


National Institute Health, Public Health Service, Bethesda, Maryland 


The post-eruptive increase fluorine dentin and enamel has been observed 
rats (1, and adult dog has been found deposited post- 
eruptively the rat molar enamel but not dentin 
show powdered enamel and dentin (5, 6), well bone tissue (7) have the 
property, common with pure mineral phosphates (8, 10), adsorbing 
fluoride. 

The above vivo experiments (1, are interesting from several aspects. 
First: They indicate that dentin and enamel may modified chemically during 
post-eruptive tooth life after calcification has been completed. Second: 
Although fluorine was ingested quantities varying from ppm. 125 ppm. 
rats (1) relatively constant proportion between fluorine retained the 
enamel and fluorine retained the dentin was maintained, i.e., about 3.5 
4.0 times much fluorine was found present the dentin the enamel. 
This would seem due orderly process. advances the hy- 
pothesis that similar chemico-physical properties may attached both 
adult enamel and adult dentin. Third: The retention ingested fluoride 
teeth post-eruptively raises the question the relation such secondary 
deposits caries resistance. 

Epidemiological evidence has demonstrated the caries inhibitory properties 
fluoride water ingested during the period tooth calcification (11, 12, 13, 14). 
important point emphasize these studies (13, 14) the distinction made 
between certain minimum quantities fluorine which seemingly improve the 
dental tissue, and somewhat higher levels, which produce the 
and hypoplasia known dental fluorosis (mottled 
enamel). the basis physiological effects, also seems necessary dif- 
ferentiate between least two forms dental tissue fluoride, i.e., fluorine ac- 
quired during the formative life the tooth (primary fluoride) and fluorine 
during adult post-eruptive tooth life (secondary fluoride). There 
the possibility third form fluoride, i.e., fluorine acquired the exposed 
oral enamel through surface adsorption (adsorbed secondary enamel fluoride) (4). 
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The adaptation some form fluoride therapy combat dental caries 
adults much discussed question. fluoride prophylaxis, using eithera 
fluoride bearing mouth wash dentifrice, more particularly means 
topical application fluoride, seemingly relies for its success first the in- 
corporation secondary fluorine the exposed enamel the oral cavity, and 
second the possibility that caries resistant properties may engendered 
the tooth adsorbed secondary enamel fluoride. These are largely unexplored 
hypotheses. already indicated, the retention fluorine the exposed 
enamel the oral cavity has some promising aspects, but yet uncertain 
and unproven phenomenon. Two clinical trials with children (15, 16) and one 
experimental rat study (17) have atempted test the actual effect topical 
treatment with fluoride. these studies there were indications some 
benefits. More extensive data including different age groups are needed 
prove the value this therapy. 

Certain experimental studies pertaining induced rat caries, reported 
herein, seem indicate that caries inhibitory properties are acquired through 
secondary tooth fluoride deposits. Prior studies Armstrong (18) report 
inhibitory effect extra fluorine,” given high concentration drink- 
ing water for period preceding the caries analyses for fluorine 
are reported but the author believes the effect mediated fluorine which 
had become incorporated the dental enamel during the period high fluorine 
consumption” epidemiological clinical studies have been made 
secondary fluoride might acquired the adult human tooth. 


EXPERIMENTAL 


Three groups rats aged 100 days, and 200 days, repectively, were 
paired litter mates. One rat each pair received 100 ppm. fluorine 
sodium fluoride its drinking water for specified periods (see Table I). During 
this period the ration fed consisted 66% corn flour, 30% whole milk powder, 
alfalfa meal, and This fluoride period was followed 100 day 
period during which the rats were fed caries producing diet. This diet was 
the same the above diet except that coarse corn meal was substituted for the 
corn flour. all times food and water were consumed libitum. Caries was 
scored and recorded previous studies (1, 19), being the system followed 
Cox, Dodds, Dixon and Matuschak crowns the molar teeth 
were pooled according control fluoride treatment. They were pulverized 
pass mesh sieve, washed with alcohol and ether, and separated into dentin 
and enamel the method Manley and Hodge (21). Fluorine was deter- 
mined (22) the enamel and dentin, the results appearing Table IT. 

Among the day old rats all fluoride rats the pairs were affected with 
less caries than their non-fluoride pair mates. Their consistent favoring the 
rat among these trials can regarded due the imposed fluoride 
factor. Likewise, the average data for carious teeth, carious areas and average 
caries score are strikingly lower for fluoride rats than for their control pairmates. 
Among the pairs 100 days old start paired results favored the fluoride 
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TABLE 
Effect fluoride ingested rats prior placing caries-producing diet 


(Rats aged days start fluoride—100 ppm. fluorine drinking water for days— 
prior 100 days caries producing diet) 


| —— | | —— 


Carious 


(Rats aged 100 days start fluoride—100 ppm. fluorine drinking water for days— 
prior 100 days caries producing diet) 


(Rats aged 200 days start fluoride—100 ppm. fluorine drinking water for days— 
prior 100 days caries producing diet) 


TABLE 


Assimilation fluorine mature rats’ molar teeth 


| 
ENAMEL FLUORIDE DENTIN FLUORIDE 


per cent per cent 
day old rats given 100 ppm. fluoride drinking water 
for days, followed 100 days without 


100 day old rats given 100 ppm. drinking water 

for days, followed 100 days without fluoride........ 


200 day old rats given 100 ppm. fluoride drinking water 
for days, followed 100 days without 
Control rats (no fluoride) 
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rat, the pairs showed difference, results favored the control rat. The 
results for the 200 day old rats were less significant; results favored the fluoride 
rat, pairs were the same, favored the control rat. However, the averages 
for number carious teeth and carious areas, and the average caries score all 
favored the fluoride rats these two later groups. 

the comparisons‘ control and fluoride rats, terms caries 
score, 28.5 cases favored the fluoride rat (where difference between the two 
rats pair occurred, value 0.5 allotted each rat). The standard 
deviation distribution events which may occur with equal probability 
either two ways equals 0.5 2.92. The expected outcome 
this series events trials favoring the fluoride rat and favoring the 
control. The difference between the expected result, 17.0, and the observed, 
28.5, equals 11.5, value 3.91 times the standard deviation, 2.92. outcome 
such this would fortuitously about once 10,000 trials (23). 

The results fluorine analyses molar dentin and enamel again show re- 
tention fluorine mature rat dentin and enamel. Rats aged days, 100 
days, and 200 days show this property. The results for these teeth were ob- 
tained after the fluoride regimen had been stopped for 100 days: Presumably 
these figures represent total fluoride deposited during the fluoride period. The 
actual stability fluoride deposits dental tissue unknown, data based 
rats (24) and humans (25) having indicated that fluorine deposited the body 
may mobilized from body tissue (presumably mostly bone) and excreted 
the urine. The stability calcium and phosphorus the dental tissues would 
seem indicate that fluorine once acquired dentin and enamel remains 
permanent deposit. should emphasized that the differences fluoride 
retained teeth rats different age, can not ascribed the rats’ age, 
since attempt was made equalize the quantity fluoride ingested these 

ats. These analytical results merely show again the capacity the adult rat 
tooth retain fluorine. suggestion has been made, however, that ‘‘fluorine 
retention may prove useful tool studying individual variations dentin 
and relation tooth age and susceptibility dental (3). 


DISCUSSION 


Previous studies (1, showed that fluorine may deposited post-eruptively 
rats’ teeth. However, these experiments conducted (1) did not make 
possible discriminate between caries inhibitory effects fluoride the diet 
drinking water, and fluoride acquired the dental tissue during post-eruptive 
tooth life. Also, injection experiment (2) the observed negative effect 
fluoride found the enamel and dentin may have been due insufficient 


realized that different aged rats are included among these paired comparisons. 
This fact does not detract from the significance this statistical interpretation the 
results. These rats also differed quantity fluorine ingested and quantity fluorine 
their teeth. The statistical analysis thus refers only the condition that one rat the 
pair did receive fluorine and the other rat did not. The less significant results the older 
age groups may the result insufficient fluorine having been deposited their dentin 
and enamel. 
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tooth fluoride being acquired, especially the outer surface enamel during the 
early part the caries inducing period. The results the present study seem 
justify the conclusion that day old rats given pre-period fluoride during 
post eruptive tooth life show definitely decreased incidence and severity 
induced caries. seems logical conclude that caries was inhibited fluoride, 
which had been incorporated the adult dentin and enamel during the period 
fluoride ingestion. There evidence, therefore, that not only will mature 
rat dentin and enamel retain ingested fluoride secondary deposit, but that 
such fluoride may increase caries resistance. The less significant effect fluoride 
the older rats may due the fact that less fluorine was acquired their 
dentin and enamel (see Table 

The evidence that fluorine may penetrate the exposed oral enamel lacking 
these results, but there also evidence that this phenomenon does not 
occur. Actually, the rat unsatisfactory for study oral enamel phenomena 
exclusively, since the occlusal surface the rat’s molar has some exposed dentin, 
which would expected retain similar not greater extent than 
enamel. 

The observed adsorption fluorine mineral phosphates (8, 10), bone 
(7), and dental tissues (5, only presumptive evidence that exposed enamel 
the oral cavity has similar capacity. general, the fluorosed phosphates 
and bone and dental tissue resulting from these reactions show reduced acid 
solubility (6, and unpublished data from this laboratory). Artificially fluorosed 
enamel and dentin and also pure inorganic fluorides also appear reduce bac- 
terial acid production (26, 27). Such acquired properties suggest aninhibitory 
effect fluorosed dental tissues against dental caries. While known that 
primary fluoride the teeth associated with mottled enamel, quantities 
equaling 0.025% 0.036% the enamel (28), this fluoride acquired and, 
therefore, must ingested during tooth formation (29). Fluoride ingested fol- 
lowing tooth eruption does not produce mottling human teeth (28) nor rats’ 
molar teeth secondary enamel fluoride would not expected 
cause mottled enamel. 

scarcely necessary point out that much more information needed 
regards both the actual adsorption fluorine enamel, situ, and the caries 
inhibitory other effects such fluoride should adsorbed. 


SUMMARY 


Rats aged days, 100 days, and 200 days were given fluoride prior placing 
them producing diet. There was strong evidence that this pre- 
fluoride period brought about appreciable resistance rat caries particularly 
the youngest rats. Since fluoride was found have increased notably the 
dentin and enamel the rats’ teeth, the seems due fluoride in- 
corporated the adult tooth. seems reasonable expect, the light these 
results, that should the adult human tooth made acquire fluorine similarly, 
secondary deposit, might thereby partially protected against dental 
caries. 
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QUANTITATIVE METHOD FOR EVALUATING PHYSICAL AND 
CHEMICAL AGENTS WHICH MODIFY PRODUCTION 
ACIDS BACTERIAL PLAQUES HUMAN TEETH! 


ROBERT STEPHAN, DD.S., BENJAMIN MILLER, M.D. 


From the Walter Zoller Memorial Dental Clinic and the Department Medicine, 
University Chicago, Chicago, 


INTRODUCTION 


Localized adherent growths bacteria, certain well- 
defined areas the surfaces human teeth. has been postulated that 
certain types these plaques are intimately related the development 
caries, and that the acid products the bacteria contained these 
plaques may produce decalcification the underlying tooth structure (1, 
has been shown Stephan (4) that cavities and sometimes intact tooth 
surfaces plaques may exist below hypothetical 
has also been shown Stephan (7) that plaques react rapidly 
with carbohydrates produce acid, some cases reducing the low 
Miller, Muntz, and Bradel (8) demonstrated that plaque material pro- 
duces considerable quantities acid from glucose, sucrose, fructose, mal- 
tose, lactose, and starch. susceptible individuals this acid may attack the 
underlying enamel and initiate dental caries. Miller and Muntz (9), employing 
ultra-micro method for the estimation lactic acid, were able demonstrate 
the presence this acid the actual carious tooth substance obtained from 
enamel and dentinal lesions. However, the results were too irregular permit 
the definite conclusion that lactic acid found invariably carious lesions, 
that when present its concentration sufficient account for all the dissolved 


The expenses this investigation were defrayed part grant from Squibb 
and Sons. Received for publication September 14, 1942. 

The term has been used the dental literature indicate various types 
bacterial material adhering teeth. For example, the demonstrated 
Williams (1) was not synonymous with the described Black (2). 
this and the following papers the term will used designate all adherent 
bacterial growths human teeth, and ‘‘plaque material” will indicate the material ob- 
tained when are scraped from teeth. and can 
readily distinguished both gross and microscopic examination from food particles which 
may remain the mouth following meal. 

There evidence, based studies the solubility enamel buffer solutions (5), 
well theoretical considerations indicted the titration curve phosphoric acid with 
calcium hydroxide (6) that will decalcified under the conditions the mouth only 
values more acid than 5.5. some value, between 5.0 and 5.5, there probably 
exists ‘‘critical above which the solubility product for caleium 
phosphate the oral fluids would satisfied, and decalcification enamel should not 
occur. 
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mineral. Possibly other organic acids may involved the process. would 
appear fairly certain that compounds which can influence the and the pro- 
duction acids the dental plaque should useful for the prophylaxis 
dental caries. 

testing substances which inhibit acid production the plaque micro- 
organisms, e.g., synthetic detergents; (Miller, Muntz and Bradel (10)), com- 
pounds which neutralize the acids produced the plaque, e.g., urea which 
liberates ammonium carbonate (Stephan (11)), have felt the need quan- 
titative method for the evaluation situ the effects such compounds 
changes. This paper describes method which measures the effectiveness 
sttu substances procedures terms their ability prevent lowering 
the dental plaques when the mouth rinsed with 
carbohydrate. 


APPARATUS 


Electrodes. antimony electrode the small, pointed, highly polished, 
cast-stick type described Stephan (7) has been employed for the determina- 
tion pH. The electrode may applied frequently accessible tooth sur- 
faces without causing appreciable disintegration the plaque 
gives readings reproducible +0.1 unit. Any reference electrode which 
will establish potential that permits direct reading the meter may 
used. have found convenient employ polished stick antimony 
immersed phosphate buffer salt bridge Ringers solution has 
been used make connection from the reference electrode the floor the 
mouth. 

Potentiometer. Several types vacuum tube potentiometers which are 
designed for the glass electrode have been used. They not polarize even 
the smallest antimony electrodes, and they may calibrated read 
units directly. find that very convenient use direct reading 
meter, such the Leeds Northrup Model 7662, and attach the electrode 
circuit high resistance shunt which can disconnected with foot switch. 
With this apparatus person, unaided, can simultaneously apply the antimony 
electrode the plaques, press the foot switch, and note the reading the 
meter. 


PROCEDURE 


Tooth surfaces containing adequate plaques are selected for the measure- 
ments. The labial surfaces anterior teeth are chosen most frequently because 
these surfaces are readily accessible. When areas close the salivary ducts are 
studied advisable isolate the tooth surface means cotton rolls just 
before making each series readings. measure the pH, the lips and 
cheeks are retracted from the tooth surface, and the antimony electrode held 


Antimony electrodes are too brittle wedged between teeth without breaking. 
hoped that someone can develop electrode which strong and flexible enough 
that can applied the interproximal surfaces and those carious lesions which are 
relatively inaccessible. 
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gently and without movement against the plaque while the reading the 
meter noted. After each reading made, the antimony electrode wiped 
clean with cotton roll that ready for the next determination. Read- 
ings from different tooth surfaces can generally made minutes less. 

After the initial readings have been taken, the mouth rinsed with 
cent aqueous solution glucose for minutes. The measure- 
ments are made minute interval after the rinse and then minute 
intervals until the has risen the initial value. This completes the first, 
curve. this time the experimental solution procedure 
tested applied the teeth for the desired period time. The per cent 
glucose rinse then repeated, and the measured the same areas and 
the same time intervals after the first glucose rinse. The readings are 


TIME 


Plan Duplicate Control Experiment. Each point represents average 
readings plaques more different tooth surfaces. occurs immediately 
with glucose rinse, and gradually returns initial level, thus forming 
Difference areas under curves from first and second glucose rinses, shown shaded area 
represents inhibition produced test rinse. Blank rinse contains any accessory sub- 
stances which may used conjunction with inhibitory agent test rinse. 


averaged and plotted against time. The curve obtained from the second 
per cent glucose rinse, after application the test solution, compared with 
the curve obtained from the first glucose rinse. 

The reduction the intensity and duration the drop the second curve 
when compared the first curve then gives measure the inhibition produced 
the test solution. Fig. graphic representation the plan typical 
experiment. many cases may desirable employ test solution not 
only the active agent tested but also auxiliary substance such buffer 
dilute acid alkali. The effect the auxiliary substance compensated for 
employing accessory rinse before the first per cent glucose 
curve (control curve) determined. this case the accessory rinse should 
precede the first glucose rinse the same length time that the test solution 
precedes the second glucose rinse. 


BLANK 
SECOND 
GLUCOSE GLUCOSE 
RINSE RINSE 
eo 
| 
SY 
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The following equation employed calculate the percentage inhibition: 


(av. after glucose (av. after 2nd glucose rinse) 
(av. after Ist glucose rinse) (av. initial pH) 


This equation holds only when the length the period observation the same 
after each glucose rinse. When different periods time are employed, the 
actual areas under each curve must compared. 

applying these studies the problem caries may desirable not 
only determine the percentage inhibition but also compare the drops 
relation the “critical decalcifying informative comparison 


Per cent inhibition 


TABLE 
Individual readings experiment showing reproducibility curves after 
per cent glucose 


TIME 
TOOTH 
(LABIAL SURFACES) 
2:10 2:20 


Upper 
Lower 
6.9 5.2 5.7 5.2 6.1 6.7 
Average........ 6.9 5.3 5.6 6.0 6.4 6.5 6.9 5.3 5.3 


The mouth was rinsed with cc. solutions per cent glucose from 2:16 2:18 P.M. 
and from 3:12 P.M. 


may made the number readings, below 5.0 5.5 which 
were obtained after the first glucose rinse, with the number such readings 
obtained after the second glucose rinse. For certain studies might de- 
sirable compare the drops tooth surfaces isolated from contact with 
the saliva. The procedure outlined this paper can modified cover these 
and similar experimental conditions. 


REPRODUCIBILITY CURVES AFTER PER CENT GLUCOSE RINSES 


order establish the validity the proposed method was necessary 
demonstrate that when procedure which produces inhibition neutraliza- 
tion acid tested, the curve obtained after the second glucose rinse will 
practically duplicate the curve obtained after the first glucose rinse. 
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number experiments have been performed which blank rinse 
was used place the test solution. The determinations were obtained 
the technique described above. was found that the measurements 
after the second glucose rinse were practically identical with those observed 
after the first glucose rinse. The difference between the averages was not more 
than per cent any experiment. Also was found that when alkaline 


TABLE 
Comparison values obtained after duplicate control rinses with per cent 
glucose solutions 


(The upper part this table contains readings upper teeth only, and the lower portion, 
readings lower teeth only) 


2 MINUTES © 12 MINUTES 22 MINUTES | AVERAGE OF ALL cee 

2nd Ist 2nd 2nd Ist 2nd 

6.6 5.2 5.2 5.2 5.3 5.4 5.2 5.2 
6.5 4.9 4.9 4.9 4.8 4.9 4.8 4.9 
5.8 4.8 4.8 4.6 4.7 4.7 4.7 
6.1 4.8 4.8 5.0 5.0 5.4 5.2 5.1 5.0 
5.8 4.8 4.7 4.8 4.8 4.9 4.8 4.8 4.8 
6.5 5.2 5.2 5.1 5.2 5.2 5.3 5.2 5.2 
§.9 4.8 4.7 4.7 4.9 5.0 5.1 4.8 4.9 
6.3 6.2 6.2 6.3 5.9 6.0 6.1 6.2 
8.0 6.6 6.7 6.2 6.3 6.1 6.1 6.3 6.4 
7.8 6.6 6.5 6.3 6.3 6.6 6.7 6.5 6.5 
6.9 6.6 6.6 6.6 6.6 6.8 6.7 
6.9 5.3 5.3 5.6 5.3 6.0 6.0 5.6 5.5 
7.0 5.1 4.9 5.2 5.2 6.0 6.1 5.4 5.4 
6.2 5.0 5.1 4.8 5.0 4.9 5.0 5.0 
6.5 5.3 5.4 5.9 5.9 6.3 6.3 5.8 5.9 
6.7 5.5 5.1 5.5 5.1 5.9 5.4 5.6 
6.0 6.0 6.3 6.0 6.9 6.5 6.4 6.2 —29 
6.3 4.9 5.2 5.3 5.7 6.2 5.2 5.5 
6.2 6.2 6.0 6.0 5.9 5.9 6.0 6.0 
7.6 6.5 6.9 6.5 6.5 6.4 6.5 6.5 6.6 
M.* 7.4 6.0 6.1 6.4 6.5 7.0 7.0 6.5 6.5 


these experiments per cent solution urea was employed auxiliary sub- 
stance. was given minute rinses, minutes before each the per cent glucose 


neutral agents were applied the same time interval before each the glucore 
rinses, the curves obtained were likewise practically identical. 

Table presents the individual readings from typical 
illustrates the intensity and duration the drop produced per cent 
glucose plaques various tooth surfaces, and shows the agreement between 
the values obtained after each the two glucose should noted that 
the drops were greater and generally more reproducible plaques the 
upper anterior teeth than the lower anterior teeth. difference at- 
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tributable the fact that the flow saliva the lower anterior teeth con- 
siderably greater than the upper anterior teeth. Table lists the averages 
from additional experiments similar the experiment presented 
Table shows the reproducibility the average values obtained the 
various time intervals following duplicate glucose rinses. 

likely that the few large deviations found with the lower teeth may have 
been caused the subject talking during the experiment. The most repro- 
ducible results are obtained when the subjects refrain from talking otherwise 
moving the tongue, lips, and cheeks during the experiment. Some the 
experiments Table were designed show whether rinsing the mouth with 
neutralizing substance inhibitor solution would interfere 
with the reproducibility the per cent glucose curve. Since some but- 
fers, such NasHPO, were found exert negligible the 


100 


MINUTES 


Brushing Teeth curve. Each point represents average read- 
ing plaques surfaces upper anterior teeth. After completion first glucose 
curve, teeth left side mouth were thoroughly brushed. Second per cent glucose 
curve shows difference between left (brushed) and right (unbrushed) sides. 


per cent glucose curve, was decided use substance which gave 
more prolonged alkaline effect, namely per cent urea. the experiments 
(R. and M.) the mouth was rinsed with per cent solutions urea for 
minutes, minutes before each the per cent glucose can 
seen from Table that although the levels have been raised, there still 
adequate drop produced per cent glucose, and the deviation 
the two curves less than per cent all cases for the upper teeth. 
EFFECT THICKNESS BACTERIAL DEPOSITS TEETH 
would expected, the drops after glucose rinses are dependent the 
presence bacterial plaques which can react with the carbohydrate. 
uals who brush their teeth thoroughly before experiments not give ade- 
quate curves the method outlined. From the experiment shown 
fig. can seen that thorough brushing the teeth may remove enough 


LEFT SECOND 
GLUCOSE GLUCOSE 
BRUSHED 
7.0 
> > $ 
5.0 
4.0 
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the plaques from accessible areas eliminate the fall which would 
otherwise have occurred when the mouth was rinsed with glucose. From this 
and similar experiments have found that best have the subjects re- 
frain from brushing their teeth for days before the experiment. This 
precaution generally insures sufficient amount bacterial material acces- 
sible surfaces give satisfactory drop after the glucose rinse. 


EFFECT CARBOHYDRATE INTAKE BEFORE EXPERIMENTS 


the individuals studied this method are allowed partake whatever 
food they may choose, many will eat large amount carbohydrate before the 
experiment. The effect this carbohydrate may reduce the individual’s 
initial values such extent that the effect the experimental glucose 
rinse considerably obscured. find desirable prescribe meals with 
practically readily available carbohydrate for the day the experiment. 


REPETITION THE TESTS 


When individuals are prepared properly for the experiment, they may 
studied for number hours without seriously disintegrating the dental 
plaques. have been able perform some experiments for long 
hours. This very useful observations the duration the effects 
test compounds procedures. 


SUMMARY 


method described which gives quantitative expression the intensity 
and duration the hydrogen-ion changes occurring bacterial plaques 
human teeth after the application solution glucose. The proposed 
method depends the demonstration that the curves obtained after each 
glucose rises given minutes more apart are almost exact duplicates. 
Therefore the effect any experimental procedure which inhibits neutralizes 
the formation acid plaques can evaluated introducing the experimen- 
tal procedure after completion the first curve and before the start the 
second one. The difference the areas the curves gives measure 
the inhibitory effect the experimental procedure. 


The authors wish express their thanks Dr. Zelma Baker Miller who helped perform 
number these experiments. 
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THE EFFECT SYNTHETIC DETERGENTS CHANGES 
DENTAL PLAQUES! 


ROBERT STEPHAN, D.D.S., BENJAMIN MILLER, 


From the Walter Zoller Memorial Dental Clinic, and the Department Medicine, University 
Chicago, Chicago, 


has been shown that certain synthetic detergents exert powerful inhibitory 
effect the metabolism micro-organisms found dental plaque material 
and the early lesions dental caries (1). experiments employing alkyl 
dimethyl benzyl ammonium chloride (Zephiran) was found that local applica- 
tion 1:500 solution for minutes plaques tooth surfaces would prevent 
the formation acid. This was demonstrated removing the plaques from 
the teeth minutes later and incubating them glucose solution (2). These 
experiments were performed with the which remained the surfaces 
teeth after swabbing with cotton and washing with stream water. 

this paper, observations are made the effectiveness several synthetic 
detergents reducing the intensity and duration the drop plaques 
following the application solution glucose. The plaques studied this 
paper were not disturbed swabbing, washing, brushing the teeth 
before the experiments; consequently they were thicker than the plaques in- 
vestigated Miller, Muntz and Bradel (2). The technique employed for 
obtaining the percentage inhibition was the same described the previous 
paper Stephan and Miller (3). This procedure provides natural setting for 
the study inhibitory compounds applied the tooth surfaces. number 
synthetic detergents studied Baker, Harrison, and Miller (4) was found 
that Zephiran,? Phemerol,? and were among the most powerful inhibitors 
bacterial the group cationic compounds, and Tergitol-75 
the most active the anionic detergents. The cationic detergents inhibit 
both the gram-positive and gram-negative micro-organisms, whereas the anionic 
ones such Tergitol-7 inhibit only gram-positive organisms. have em- 
ployed anionic detergent these experiments since appeared from previous 
experiments that the production acid the mixed flora the dental plaque 
caused almost entirely gram-positive micro-organisms Harri- 
son, and Miller (4) studied many the factors which influence the activity 
synethetic detergents and wetting agents toward bacteria. was shown that 


The expenses this study were defrayed part grant from Squibb and 
Sons. Received for publication September 14, 1942. 

Alkyl benzyl ammonium chloride 

Mixture para-tertiary-octyl phenyl diethoxy-dimethyl benzyl ammonium choride. 

‘Mixture beta-hydroxy-propylene-diammo- 
nium bromide. 

sodium sulfate (alkyl-3, diethyl tridecanol-6). 
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cationic detergents become more active the alkaline side neutrality whereas 
the anionic detergents act the opposite direction. For this reason number 
the experiments with cationic compounds reported this paper were per- 
formed with the addition alkalinizing medium such urea alkaline 
buffers. 


PROCEDURE 


The subjects were prepared for the experiments described the previous 
paper (3). The relative thickness the plaques was estimated direct ex- 
amination. The synthetic detergents were made aqueous solutions 
per volume” some cases auxiliary substances, such 
per cent urea M/10 solution, were used with the detergents. 
these cases the first glucose rinse was preceded equivalent application 
with the auxiliary solution alone. this way, the auxiliary substance was 
made influence alike both the curves produced the two per cent 
glucose rinses that the effect the auxiliary substance itself was excluded from 
the results. The mouth was rinsed for minutes, usually with cc. the 
detergent solutions, after the completion the first control glucose curve 
and before the second application glucose. The difference these curves 
therefore reflects only the effect the detergent employed. 

Observations were made both the upper and lower teeth, but because 
the greater range and reproducibility the changes the upper teeth- 
demonstrated the preceding paper (3), only data these upper teeth are 
given this paper. 


RESULTS 


was found that the application the synthetic detergents generally pro- 
duced marked inhibition the lowering the plaques, but 
was the inhibition complete. comparable experiments Zephiran and 
Phemerol gave greater degree inhibition than Damol and Tergitol-7. 
rule, was found that the effect the synthetic detergents the after 
per cent glucose was much greater the cases where the plaques were rela- 


tively thin than when the plaques were relatively thick. Application the 


synthetic detergents solution containing auxiliary substance, such 
alkaline buffer, did not significantly change the inhibitory effect produced the 
detergent, although some the auxiliary agents did raise the levels both 
the control and test curves. 

The results some the experiments have listed each series 
tables. II, III, and contrast the readings obtained before, with 
those obtained the application Zephiran, Phemerol, Damol, and 
Tergitol-7, respectively. These tables also list the calculated percentage inhibi- 


detergents were employed follows: 1:1000 aqueous Zephiran, 6.0; 1:1000 
aqueous Damol, 6.7; 1:1000 Phemerol per cent NaHCOs, 8.7; 1:500 aqueous 
Tergitol-7, neutralized These solutions were selected because they seemed 
represent the highest concentrations which could tolerated safely the mouth for 
continual applications, dentifrice. 
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tion and the relative thickness the plaques for each individual experiment. 
Tables VI, VII, and VIII list the number readings below 5.0, 
the number readings below 5.5, and the lowest individual reading 
for the same experiments, and the same order, Tables III, and 
respectively. 


TABLE 
Inhibition drop Zephiran* 
ZEPHIRAN intT1AL pH AFTER GLUCOSE AFTER GLUCOSE AFTER GLUCOSE ” PER CENT THICKNESS 
SOLUTION TESTED INHIBITION |OF PLAQUES 


Control Test Control Test Control Test 


1:1000 (aque- 


6.7 5.5 5.4 5.9 5.4 6.0 +++ 
ous) 7.0 6.2 6.4 6.4 6.1 6.5 
6.5 5.4 6.4 5.5 6.5 5.6 6.4 
7.2 5.8 7.0 5.3 7.0 5.8 7.0 
6.6 5.8 6.2 5.6 6.6 5.9 6.5 
6.8 5.7 6.7 5.6 6.7 5.8 6.7 
1:1000 (in 6.9 5.9 6.5 5.8 6.5 5.8 6.3 +++ 
10% urea 7.2 5.8 6.4 5.4 6.5 5.6 6.4 +++ 
solution 7.5 5.8 6.5 5.3 6.9 5.5 6.6 +++ 
7.0 5.9 6.8 5.7 6.6 5.7 6.5 +++ 
7.3 6.4 6.8 6.0 6.7 6.1 6.8 
7.8 6.0 7.3 5.7 7.1 5.8 7.2 
7.4 5.9 6.8 5.8 7.0 6.0 
1:1000 (in 5.3 6.0 5.3 6.3 5.4 6.3 
M/10 7.5 6.3 6.8 5.8 6.6 6.0 6.8 
7.4 6.0 6.4 5.5 6.9 5.8 6.6 
7.4 5.5 6.4 5.1 5.4 6.9 
1:2000 (aque- 6.9 5.8 6.1 5.6 6.3 5.9 6.2 
ous) 
1:5000 (aque- 6.7 5.6 5.8 5.9 5.8 6.0 
ous) 6.9 5.9 6.5 5.8 5.9 6.1 6.4 
6.5 5.0 6.1 6.1 5.3 6.1 


+++ indicates thick plaques; indicates medium thickness plaques; indicates 
thin plaques. 


The Zephiran solution was applied rinse for minutes and was followed several 
rinses with distilled water. The ten per cent glucose was given minutes later minute 
rinse, and the readings were timed from the end the glucose rinse. 


Table shows that the average readings obtained the 12, and 
minute intervals after glucose (the minute interval included the general 
average but has not been included separate column) are definitely lower 
before application Zephiran than afterward. was shown the duplicate, 
control experiments (3) these averages would practically the same 
Zephiran had not been applied; seems clear that the difference must due 


ROBERT STEPHAN AND BENJAMIN MILLER 


the inhibitory effect Zephiran acid formation the plaques. the ex- 
periments with 1:1000 Zephiran solutions, the average inhibition the lowering 


TABLE 
Inhibition drop Phemerol* 


TIME AFTER ORIGINAL AFTER GLUCOSE | AFTER GLUCOSE 12 AND 22 MIN. PERCENTAGE) 
PHEMEKOL APPLICATION 


THICKNESS 
| INHIBITION OF PLAQUES 


Control Test Test Control! Test 


Immediately ....... 7.4 5.5 


these instances the glucose drop was repeated without additional application 
Phemerol determine whether not the effect single application would 
last until the following day. 
DETERGENT TIME INTERVAL 
RINSE HOURS 
GLUCOSE GLUCOSE GLUCOSE 


TIME HOURS 


Fic. Each point indicates average readings from individual tooth surfaces for 
each time interval indicated. Detergent rinse consisted cc. 1:1000 Phemerol 
per cent NaHCO; solution, and glucose rinse cc. per cent aqueous solution. 


The rinses were held mouth for minutes. Plaques tooth surfaces were medium 
thickness. 


TABLE III 
Inhibition drop Damol (1:1000 aqueous) 


AFTER GLUCOSE GLUCOSE 


22 MIN. AFTER GLUCOSE | pERCENTAGE | THICKNESS 
Se OF PLAQUES 
Test Contro 


INITIAL 


the varied from per cent. The results Table show inverse 
relationship between degree inhibition and thickness plaques. the ex- 


SYNTHETIC DETERGENTS: EFFECT PLAQUES 


TABLE 
Inhibition drop Tergitol-7 


! 


TERGITOL-7 ORIGINAL AFTER GLUCOSE | AFTER GLUCOSE | AFTER GLUCOSE 
SOLUTION TESTED 


PERCENTAGE| THICKNESS 
INHIBITION |OF PLAQUES 


Test Test Test 


| | 


Indicates minute continuous rinse. 
Indicates minute continuous rinse. 


TABLE 
Effect Zephiran limiting drop 


UMBER OF READINGS NUMBER OF READINGS 
NUMBER OF - LOWEST INDIVIDUAL 


Control Test Control Test Control Test 
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periments which per cent urea, M/10 was used auxiliary 
substance the control and test rinses, the percentage inhibition was not ap- 
parently increased, although some cases all the values were raised. 


TABLE 
Effect Phemerol limiting drop 


COMPARED 


Control Test Control Test Control Test 


Immediately 5.2 


Immediately ........ 5.0 


Immediately ........ 


TABLE VII 
Effect Damol limiting drop 


NUMBER READINGS NUMBER READINGS LOWEST INDIVIDUAL 


Control Test 


TABLE VIII 
Effect limiting per cent glucose drop 


NUMBER NUMBER READINGS NUMBER READINGS LOWEST INDIVIDUAL 
TESTED READINGS 
Test Control Test Control 


1:500 (aqueous) 


1:500 (in M/20 


1:500 (in 10% urea) 


The application 1:2000 and 1:5000 aqueous Zephiran solutions gives lesser 
degree inhibition. 

Table lists three experiments with Phemerol. these experiments 
the tests were carried over the following day when the per cent glucose 


6.2 
5.7 
READINGS 
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curve was redetermined. further agent was applied, nor were the teeth 
brushed the intervening hours. shown the table that considerable 
inhibitory effect the Phemerol can observed the following day. 
order illustrate this type experiment more clearly, one them shown 
graphic form fig. inhibitory effectiveness Phemerol appears 
approximately the same that Zephiran. 

Table III lists experiments with Damol. There definite inhibition but less 
than was observed the experiments with Zephiran and Phemerol. 

Table lists experiments with Tergitol-7. This anionic detergent does not 
seem penetrate the thick plaques well the cationic detergents since the 
percentage inhibition the relatively thin plaques quite comparable that 
obtained with Zephiran, Phemerol, and Damol, but the percentage inhibition 
the relatively thick plaques smaller. 

Tables VI, VII, and VIII show that while readings below 5.0 
occurred some the controls, they did not occur the application 
the detergents except one experiment. Also, while readings below 
5.5 were observed every control, they were found much less frequently 
after application the detergents. every experiment the lowest individual 
reading was obtained the control. 


DISCUSSION 


The experimental conditions set these situ studies appear much more 
rigorous than previous vitro studies with the detergents. apparent that 
substances which give complete inhibition acid production homogenized 
suspended plaque material, and suspended pure cultures bacteria associated 
with dental caries, are only partially effective preventing the drop from 
glucose situ. Considering the fact that Zephiran has been shown inhibit 
glycolysis effectively vitro dilution great 1/100,000, (5) indeed 
remarkable that situ inhibits only partially dilution 1/1000. 

Plaques offer considerable resistance penetration inhibitory agents. 
This clearly shown the inverse correlation between the relative thickness 
the plaques and the percentage inhibition produced the detergents. 
Apparently only the outer layers the dental plaque are reached easily these 
inhibitory agents the time and the concentrations have employed. This 
penetration factor constitutes perhaps the most serious limitation the effective- 
ness these and probably most inhibitory agents. For studies the factors 
influencing penetration various types compounds into dental plaques see 
Muntz, and Miller, (6). 

Although only partial inhibitory effect has been produced, this effect 
definite and probably importance. every case with the detergents, 
and most those with the anionic detergents the second curve has been 
changed that lies entirely above the control curve. control 
experiments (3), the per cent deviation the same the per cent 
inhibition) the second glucose curve from the first was never more than 
per cent, but the experiments with the detergents, Zephiran and 
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Phemerol, the per cent inhibition was greater than per cent every case 
the 1/1000 concentration. The inhibitory effect therefore significant. 

The importance this inhibitory effect regard possible prophylaxis 
dental caries becomes more obvious when viewed from the aspect the 
pH” for the decalcification tooth substance, (see footnote paper the 
authors (3)). all cases, drops below 5.0 have been prevented the 
application Zephiran and Phemerol, and most cases, drops below 5.5 
have been prevented also. Whether the decalcifying happens 
either 5.0, 5.5, some intermediate figure would seem reasonable 
assume that the regular application solutions these detergents should exert 
prophylactic effect dental caries. 

Also, view the observations the inverse relationship 
centage inhibition and thickness the plaques, probable that the effective- 
ness the detergents would increased routine hygienic procedures. Since 
our experiments the brushing teeth was deliberately neglected for several 
days before each experiment order secure thick bacterial growths the 
teeth, seems probable that the inhibition would much more marked the 
teeth had been brushed. However should recognized that, for the most 
part, only areas which are susceptible gingival third caries have been studied, 
and that these areas could reached the tooth brush. obvious that 
there are many tooth surfaces which are not reached the tooth brush and 
which would probably have thick, and possibly even thicker growths bac- 
teria than were obtained for these experiments. 

The observation that incorporation alkaline buffers into the detergent 
solutions does not change their effectiveness the plaques differs from the 
results which Baker, Harrison and Miller (4) obtained pure cultures micro- 
organisms. 

This study does not give answer the question whether not the inhibi- 
effect the detergents can prevent dental caries. Such answer can 
come only from prolonged clinical observations. However, these experiments 
give some information about the material the teeth which must dealt 
with and the probable effectiveness these inhibitory agents it. 


SUMMARY 


Several synthetic detergents have been tested for their ability inhibit the 
drop which occurs dental plaques after the application per cent 
glucose. was found that minute rinse with 1:1000 solutions cationic 
detergents such Zephiran and Phemerol will inhibit the drops thin 
plaques per cent, and per cent thick plaques. The inhibi- 
tory effect two minute rinse these detergents apparent long 
hours later. 

The drop below the so-called “critical decalcifying (5.0 
5.5) which occurs the controls, prevented most cases the previous ap- 
plication these detergent solutions. 


SYNTHETIC DETERGENTS: EFFECT PLAQUES 


The authors wish express their thanks Dr. Zelma Baker Miller who helped perform 
number these experiments. 
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THE EFFECT UREA COUNTERACTING THE INFLUENCE 
CARBOHYDRATES THE DENTAL PLAQUES! 


From the Walter Zoller Memorial Dental Clinic, University Chicago, Chicago, 


generally believed that dental caries initiated the formation 
acid from carbohydrate foods bacterial growing tooth sur- 
faces. While studying the effect carbohydrates lowering the 
plaques, occurred the author that these plaques possess appreciable 
urease activity, then the application urea might raise their and counteract 
the influence carbohydrates. This proved the case. was found that 
both situ (using the antimony electrode measure pH) and vitro (using the 
measure pH) that the application urea raised the 
even the presence carbohydrates, some cases high 
9.0 (1, 2). was also found that urea was hydrolysed ammonium car- 
bonate several strains staphylococci, proteus, and sarcina which had been 
isolated from tooth surfaces, but was not hydrolysed several strains oral 
lactobacilli (1,2). Even though appears that only certain types the bacteria 
growing teeth may contain urease, nevertheless all samples plaque material 
obtained from large number indivduals have been found possess some 
urease activity. 

These observations have suggested that the use urea dentifrice might 
value the prophylaxis dental caries. Concentrated solutions urea 
have some properties not possessed dilute Also known that 
saliva normally contains very small amount urea. has seemed desirable, 
therefore, determine the effects the plaques the application 
various concentrations urea, ranging from the high concentrations urea 
which might used dentifrice the low concentrations urea which are 
found the saliva. this paper, experiments are described which show the 
influences different concentrations urea the plaque material 
vitro and situ when the urea applied either together with carbohydrate, 
only for short period time before the application carbohydrate. 


The expenses this investigation were defrayed part grant from Squibb 
and Sons. Received for publicetion September 14, 1942. 

Concentrated solutions dissolve several kinds organic material, including 
coagulated proteins (3, 4), and sloughing and necrotic tissue has been used for 
the treatment many types wounds without producing any injurious effect 
the tissue, even when applied saturated solution crystal form for periods week 
(5, Concentrated solutions urea have been shown and 
teriocidal (5). 
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MATERIALS AND METHOD 


Aqueous solutions urea (Merck’s analytical reagent) and glucose (C. 
Pfanstiehl) were made weight per volume basis, i.e., percentage equals grams 
per 100 cc. These solutions were approximately neutral reaction, 
and had negligible buffering capacity. 

For the experiments glass electrode was employed measure pH. 
This electrode and the reference electrode were specially constructed extend 
the bottom small, mm. pyrex test tubes (used for the incubation 
plaque material), that the 0.1 fluid could measured readily and 
repeatedly without transferring the fluid from one vessel another and without 
the loss appreciable amount the fluid. 

The plaque material was scraped from tooth surfaces and open cavities with 
stainless-steel, Bates scalers (or special cases with spoon excavators) and trans- 
ferred distilled water. was homogenized according the method described 
Muntz and Miller (8). experiments which urea was constantly present, 
0.1 aliquots this homogenized plaque material were pipetted into small 
test tubes. Two-tenths solution per cent glucose with sufficient 
urea give the final concentration urea indicated for each experiment was then 
added each tube and incubation 37° begun. experiments which urea 
was applied only for short time layered plaques, 0.1 aliquots homo- 
genized plaque material were centrifuged hematocrit tubes produce arti- 
ficial known thickness according the method Muntz and 
Miller artificial plaques were treated with the urea solution for the 
number minutes indicated each experiment. They were washed times 
with distilled water, resuspended 0.1 distilled water and transferred 
small test tubes. Two-tenths c.c. per cent glucose was added and incuba- 
tion 37° begun. some the experiments 0.125 molar phosphate 
buffer, 7.35, was used suspend the plaque material during incubation with 
glucose order slow down the changes which take place. series 
readings were made with the glass electrode directly the tubes without inter- 
fering with the incubation. The experiments were performed duplicate and 
the results the duplicates, which were generally close agreement, averaged. 

For the situ experiments the method Stephan (9) for determining the 
plaques with the antimony electrode was employed. Subjects were 
prepared for these experiments according the method Stephan Miller 
Two procedures were followed: urea solutions different concentra- 
tions, together with per cent glucose, were applied cotton pellets 
plaques selected tooth surfaces for short periods time, and the was de- 
termined immediately and minute intervals thereafter until the effects had 
disappeared almost completely, and after control curve produced 
rinsing the mouth with per cent glucose was determined, the mouth was 
rinsed for short time (0.5 minutes, depending the experiment) with 
urea solution the concentration tested, and then the per cent glucose 
curve was redetermined. influence the urea was shown comparing glu- 
cose curves determined time intervals hours after the application 


A 
q 
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urea with the standard per cent glucose curve which was determined before the 
application urea. 


EXPERIMENTAL RESULTS 


The results the vitro and the situ experiments were general com- 
parable, except that vitro the effect from the urea and carbohydrate re- 
mained throughout the experiment whereas situ the effect was more 
less gradually overcome the washing and buffering influence the oral fluids. 
was found that low concentrations urea, e.g., 0.01 and 0.1 per cent, when 
applied with glucose, retarded the drop plaque material for short time 
only. Furthermore, there was retardation the drop when glucose alone 
was subsequently applied. Higher concentrations urea, e.g., 10, 40, and 
per cent, prevented any drop when applied with glucose, and generally 
produced marked rise pH. However, when the glucose was applied for 
minutes longer after the urea, the drop was retarded slightly the pre- 
vious application per cent solution urea, moderately the previous 
application per cent solution urea, and markedly the previous 
application per cent per cent solution urea. The effect per 
cent and per cent solutions urea was particular interest because lasted 
for more than hours. The fact that the drop with glucose was inhibited 
this long after the application urea, when the alkaline effect had disappeared, 
demonstrates that concentrated urea inhibits the fermentation carbohydrates 
plaques. 

vitro experiments which the urea was present for the duration the 
Several experiments were conducted determine the influence 
urea different concentrations the suspensions plaque material 
the presence carbohydrate. Table lists changes produced the presence 
0.01, 0.1, 1.0, and per cent urea. can seen that, compared with 
the control, 0.01 per cent urea produced retardation the drop from glucose, 
and 0.1 per cent urea produced considerable rise the during the first 
hours incubation, but during the remaining hours incubation the fell 
toward the same level the control. the other hand, 1.0, and per 
cent urea all produced rise about the same level, and there was ap- 
preciable fall the thereafter. Other similar experiments were performed 
using plaque material from different individuals; there were small differences 
the rates the changes, but the results were essentially the same the 
experiment listed Table 

vitro experiments which the urea was applied layered plaque material 
for short period time. Table lists changes which when arti- 
ficial which had been treated with urea solutions different concen- 
trations for minutes were incubated with per cent glucose 0.0125 molar 
phosphate buffer 7.35. This experiment simulates the conditions under 
which urea would applied dentifrice. Application 0.01 and 0.1 per 
cent urea under these conditions practically without effeet, per cent urea 
gives only small effect, per cent urea gives considerable and per 
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cent urea gives very marked effect which almost completely prevents the fall 
pH. 
TABLE 
incubated with per cent glucose 
AFTER INCUBATION FOR 
WITE 6% GLUCOSE 
Urea 6.7 7.6 7.9 8.0 8.0 5.1 4.7 
Urea 7.5 8.5 8.5 8.5 8.5 8.6 8.6 8.4 
Each figure represents average duplicate tests. 
Original plaque material 6.7. 
TABLE 
Effect two minute application varying concentrations urea layered plaque material 
subsequent drop with glucose 
8 CONCENTRATION pH AFTER INCUBATION FOR 
OF UREA 
per cent 
7.3 6.7 6.3 5.9 5.4 4.5 
0.01 7.4 6.8 6.4 6.0 5.5 4.6 
7.4 6.8 6.5 6.0 5.6 4.6 
7.5 7.0 6.6 5.8 5.0 
7.6 7.2 6.9 6.6 6.3 5.7 
7.6 7.7 7.7 7.6 7.8 
TABLE III 
length time application per cent urea layered plaque material 
subsequent changes when material incubated with glucose 
INCUBATION FOR 
TIME OF APPLICATION 
minules 
5.4 4.6 4.5 4.3 
7.6 7.4 6.8 5.5 
7.9 7.6 7.4 6.2 
8.0 7.8 7.5 6.8 
8.6 8.6 8.1 
8.5 8.4 8.2 
8.5 8.4 8.2 
8.4 8.4 8.3 8.1 
lists the results experiment determine the influence the 
duration the application per cent urea solution layered plaque material 


the inhibition changes produced glucose. will seen that this 
case (0.8 mm. layer plaque material) the 0.5, and minute applications gave 
only partial inhibition whereas application minutes longer produced 
practically complete inhibition the drop for hour period time. 

were performed which urea was applied layered plaque 
material M/5 phosphate buffers 8.2, 6.7, and 5.9 order determine 
the the inhibition produced per cent urea. was found 
that the application did not greatly effect the inhibition, the 6.7 buffer 
application being slightly more effective than the others. These experiments 
suggest that the action the concentrated urea itself the plaque material 
may inhibit the formation acid the material, more less independent!y 
the changes produced the urea. 


TABLE 


Effect situ different concentrations urea with per cent glucose 
bacterial plaques 


TIME INTERVALS INDICATED AFTER APPLICATION UREA-GLUCOSE 


(10% 


this experiment the urea-glucose solution was applied cotton pellets the labial 
surfaces the indicated tooth for minutes, and removed, care being taken not 
any solution the adjacent teeth. The lips were allowed rest the toothsurfaces 
between readings, but other movements the lips were permitted. The patient was 
horizontal position that only natural mucus secretions from the lip mucosa, but not 
saliva, came contact with the tooth surfaces. 


situ experiments which urea was applied with glucose. lists 
readings situ experiments which urea concentrations 0.01, 0.1, 
10, and per cent together with per cent glucose have been applied 
separate tooth surfaces for minutes and determinations subsequently made. 
One sees that the 0.01 percent urea has slowed downslightly drop produced 
per cent glucose; that 0.1 cent urea has produced slight rise and then 
fall pH; that per cent urea produced only rise short duration, and 
that and per cent urea produced much more prolonged rise the pH. 
This situ experiment comparable with the vitro experiment shown 
Table except for the diluting and washing influence oral secretions which 
situ brings the back the starting level. similar experiment 
which the glucose had been omitted was found that the maximum rise was 
reached with per cent urea but that the duration the rise was greatest 


with the highest concentration which the various 
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centrations urea were used series separate rinses the entire mouth 
have shown much more prolonged rise with the concentrated solutions, 
probable that there much more rapid diffusion urea away from 
area when applied single tooth surface than when applied the 
entire mouth. 

situ experiments which the glucose was applied after the application 
urea. many experiments has been found that the influence urea 
concentrations per cent less did not appreciably change the drop 
produced per cent glucose when the glucose was applied after the effect 
the urea had worn off (generally about the other hand 


GLUCOSE 
RINSE 


GLUCOSE RINSES 


KOURS 
NSE ELAPSED 
50% UREA RINSE 


5.0 


4.0 
TIME 
Fic. Effect Per Cent Urea Cavities 


Each point represents average readings from individual carious lesions labial 
surfaces upper anterior teeth. cavities were thick. Each glucose rinse con- 
sisted per cent aqueous solution glucose applied for minutes. Urea 
rinse consisted cc. per cent aqueous solution urea applied for minutes and 
followed immediately several rinses with distilled water. 


has been found that per cent urea, applied minute rinse, exerts con- 
siderable inhibitory effect the drop produced per cent glucose when 
the glucose was applied minutes after the urea, and that per cent urea 
applied for minutes exerts marked inhibitory effect the drop pro- 
duced glucose for long hours after the application the urea. The 
influence per cent urea changes produced glucose shown graphi- 
cally this experiment determinations were made thick 
terial growths the labial cavities upper anterior teeth. The original 
was low and relatively prolonged drop occurred after rinsing the mouth 
with per cent solution glucose. The mouth was then rinsed with the 


4 
GLUCOSE 
RINSE 
6.0 


per cent solution urea for minutes followed immediately several rinses 
with distilled water remove the excess urea. marked and prolonged rise 
occurred which was not appreciably affected additional rinses with 
per cent glucose intervals 45, 75, and 105 minutes after the application 
urea. The per cent glucose drop which was redetermined the following 
day, hours after the application urea, showed per cent inhibition when 
calculated the method Stephan and Miller (10). During the entire ex- 


TABLE 
Inhibition drops urea 
enum | | PH AVERAGE | 
Test 


Indicates thick plaques, indicates plaques medium thickness, indicates 
thin plaques. 


periment brushing cleaning the teeth was permitted, and other agent 
was applied that the inhibition over the entire period directly attributable 
the application the per cent urea. 

Table lists the results similar experiments tabular form together with 
the per cent inhibition the standard per cent glucose curve calculated 
the method Stephan and Miller will seen that per cent urea 
solutions have produced partial inhibition, whereas the experiments with 
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and per cent urea solutions the inhibition was practically complete for 
several hours, and still existed considerable degree hours later. 


DISCUSSION 


appears from these experiments that the effects concentrated solutions 
urea, per cent, may quite clearly differentiated from the 
effects dilute solutions, e.g., 0.01 0.1 per cent. Concentrated solutions 
urea when applied teeth not only furnish sufficient amount ammonium 
carbonate neutralize the acid effects the carbohydrates which were applied 
with the urea, but also markedly inhibit the production acid plaques. 
This inhibitory effect the change depends not only the concentration 
the urea solution applied, but also the duration its application. Thus 
from Table appears that with 0.8 mm. thick artificial minute 
application required give maximum inhibitory daily applica- 
tion the mouth urea for such period time feasible. 

Dilute solutions urea exert some neutralizing action but not appear 
exert appreciable inhibitory effect acid production from carbohydrates. 
Thus, order counteract the influence carbohydrates, per cent solution 
urea would probably have applied too frequently useful. Solutions 
urea below this concentration might exert significant effect only applied 

The concentration urea stimulated saliva has been found approxi- 
mately per cent that the blood (11, found that stimu- 
lated saliva contains considerably less urea than resting saliva for the same 
individual, and that resting saliva contains approximately much the blood. 
The normal limits urea the blood are from milligrams per 100 ce. 
(13). would appear that the average concentration urea resting saliva 
about mgm. per 100 (0.02%) and stimulated saliva about mgms. per 
100 Since resting saliva when titrated 5.0 neutralizes 
about volumes 0.01 acid, and stimulated saliva neutralizes about 
volumes, may calculated that the urea content hydrolysis ammonium 
carbonate adds about per cent more the neutralizing power resting saliva 
and about per cent more the neutralizing power stimulated saliva. This 
efiect would probably greatest tooth surfaces near the orifices the sali- 
vary ducts. 

the concentrations urea used the experiments described above, one 
can see that the 0.01 per cent solution approximated the average value for the 
concentration urea stimulated saliva, whereas the 0.1 per cent solution was 
considerably above normal concentrations urea stimulated resting saliva. 

seems clear, therefore, that the concentrations urea saliva are in- 
sufficient prevent marked fall the plaques when sufficient carbo- 
hydrate ingested. The extent which different concentrations urea 
the saliva (and therefore the factors which control it) may act restrict the 


For experiments which show the inhibition lactic acid formation plaques ures 
see Muntz and Miller (8). 


currence caries would exceedingly difficult determine due both the 
number variable systemic factors which control the concentration urea 
the saliva, and also the many variable local factors which influence the flow 
saliva different tooth surfaces. 


SUMMARY AND CONCLUSION 


The influence urea, various concentrations, raising the bacterial 
plaques tooth surfaces and cavities and counteracting the effects carbo- 
hydrates has been studied both vitro and situ. 

Evidence presented which indicates that the effect carbohydrates 
lowering the plaques can largely overcome for period hours 
the application urea per cent concentration for time about 
minutes. 


The author expresses his thanks Dr. Benjamin Miller and Mr. John Muntz for 
their suggestions and help during this investigation. 
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FACTORS INFLUENCING PENETRATION SYNTHETIC 
DETERGENTS AND CERTAIN OTHER COMPOUNDS 
INTO DENTAL PLAQUE MATERIAL! 


JOHN MUNTZ, BENJAMIN MILLER, M.D. 


From the Walter Zoller Memorial Dental Clinic and the Department Medicine, University 
Chicago, Chicago, 


number attempts have been made prevent the onset dental caries, 
and arrest the progress the disease once has begun, the use germi- 
cidal washes and dentifrices. 1929 Bunting, Crowley, Hard and 
Keller reported favorable clinical results from the local application hexylresor- 
cinol and metaphen the teeth studies have been confined almost 
entirely observations dental plaques, micro-organisms associated with 
them, provide the experimental basis for additional clinical studies with anti- 
bacterial compounds. have reported the inhibitory effect surface- 
active, quaternary ammonium compound (Zephiran) the flora the dental 
plaque (2, 3). Certain organic mercurial compounds have been suggested for 
use mouth wash (4). Recently, Wach, O’Donnell and Hine have shown 
that mouth wash containing quinine effective against organisms found 
dental plaques (5). Stephan has employed solution urea which suf- 
ficiently concentrated inhibit the metabolism the bacteria plaques (6). 

Despite these reports, not certain that any one germicidal mouth wash 
dentifrice will prevent the onset, stop the progress dental caries. With 
present knowledge impossible predict whether given concentration 
germicidal compound will act effectively dental plaques the carious process, 
since the factors influencing such action are not completely understood. The 
primary purpose this paper investigate some these factors. 

previous experiments with was shown that topical applications 
1:1000 solution this compound plaques the teeth could inhibit 
completely their ability produce lactic acid from glucose, well prevent 
any fall when plaques treated were subsequently removed and incubated 
with glucose (3). these experiments, care was taken remove all super- 
ficial material that only the bacterial layers immediately adjacent the 
teeth were treated. Consequently the inhibitor was applied very thin 
plaques, and was able prevent the metabolism the bacteria these bacterial 
deposits. 

such inhibitory compound were used dentrifice, the conditions that 
obtained the above experiments would met only the surfaces that are 
readily accessible the toothbrush. The areas that are most susceptible 
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decay, namely the interproximal spaces and the pits and fissures, are not reached 
ordinary brushing. such germicidal agent would have penetrate 
much millimeter heterogeneous material order come contact 
with all the bacteria. The material these inaccessible places 
available for biochemical studies. However, patients with poor hygiene, 
one frequently finds teeth whose buccal and labial surfaces have thick accretions 
soft, rather friable material. This material indistinguishable from so- 
called true plaque that can produce acid from carbohydrates readily 
the underlying material adjacent the tooth. the experiments 
reported this material was used throughout. 


TABLE 
Inhibition synthetic detergents vitro and situ 


LACTIC ACID LACTIC ACID 
TREATMENT OF PLAQUES WITHOUT WITH 
INHIBITOR INHIBITOR 


situ 1:500 Zephiran 
vitro 1:2000 Zephiran 


situ 1:500 Zephiran 
vitro 1:2000 Zephiran 


situ 1:500 Zephiran 
vitro 1:2000 Zephiran 


situ 1:500 Zephiran 
vitro 1:1000 Zephiran 


situ 1:250 Tergitol-7 
vitro 1:1000 Tergitol-7 


Part 


The effectiveness synthetic detergents when applied thick plaque material 


The experiments reported our previous communication (3) have been re- 
peated patients who had accumulated thick deposits plaque material 
the accessible surfaces their teeth. The details the experiment were the 
same, except that the preliminary washing with stream water and the 
vigorous swabbing with cotton were not resorted prior the applica- 
tion the inhibitor. Two types germicides were employed: (a) Zephiran, 
which one the most powerful the cationic type germicidal detergents, 
and (b) which occupies similar position among the anionic type 
detergents. The results are shown Table 

apparent that application either Zephiran Tergitol-7 for minutes 
these thick plaques does not prevent completely their ability form 


Sodium sulfate (alkyl-3, diethyl tridecanol-6). 


PATIENT 
micrograms micrograms 
39.5 2.5 37.0 
38.8 13.1 25.7 
38.8 33.7 
276.1 245.3 30.8 
276.1 276.1 100 
47.0 24.4 22.6 
47.0 2.3 44.7 
J.M. 154.4 83.7 70.7 
154.4 154.4 100 
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acid from glucose. The same inhibitors when added the homogenized plaque 
material vitro, one fourth the concentration applied produced essen- 
tially complete inhibition. would seem from this that these inhibitors have 
difficulty penetrating intact thick deposits the teeth. demonstrate 
more conclusively that this truly lack adequate penetration, the type 
experiment described below was performed. 


Penetration large plaque particles Zephiran 

Several patients with very poor oral hygiene were chosen. They had thick 
deposits plaque material the accessible tooth surfaces. This material was 
off relatively large particles and suspended water. effort was 
made keep them from disintegrating. The suspension was divided into equal 
parts, one which was then homogenized, and the other one was left sus- 
pension large particles shown fig. photograph contrasts the 
physical appearance homogenized plaque suspension that large 
particle suspension. The latter was divided into equal parts. One part was 


Fic. Clear water. Homogenized plaque suspension. Large particle plaque 


treated with enough Zephiran give 1:1000 solution the detergent. 
inhibitor was added the other part. both parts, solid glucose was added 
give per cent solution, and they were then incubated for minutes 
The homogenized fraction was treated exactly the same manner. 
After incubation the samples were using and 
and the supernatant fluid was for acid the method 
Miller and (7). 

The results Table show again that the detergent does not penetrate 
entirely into large agglomerates plaque material, although inhibits the finely 
divided homogenized sample degree inhibition the large 
particle suspension varied considerably, apparently depending upon the size 
the particle. one patient, G., the plaques were thick, and 

this paper consider the ability plaque material form acid 
from glucose index the activity the bacteria the plaque. 
have previously shown that the acid formation parallels the drop 
likely that this acid not necessarily the only one which causes increased acidity (9). 


| / 
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rather than was difficult prevent their disintegration during the 
manipulations. this case did the inhibitory effect the deter- 
gent upon the large particles approach that seen the homogenized samples. 

The failure the detergent, Zephiran, penetrate thick plaques 
may explained the following ways: (a) 1:1000 solution Zephiran 
approximately 0.003 molar. Since probable that the detergent penetrates 
masses plaque material passive diffusion, one might expect that dilute 
solution would penetrate rather slowly. However, given enough time 
would diffuse and exert its killing Another possibility the 
active agent adsorbed the surface the plaque mass and this way 
prevented from penetrating Organic material such found 
the plaque may combine with detergents and limit their effectiveness. 


TABLE 


Effect zephiran large particle plaque material compared with homogenized 
plaque material 


LACTIC ACID PRODUCTION 
(MICROGRAMS PER SAMPLE) 
ATIENT TYPE PLAQUE MATERIAL 
Zephiran 


inhibitor 


micrograms 
Homogenized sample 948 10. 


Unhomogenized sample 29. 
Homogenized sample 


Unhomogenized sample 
Homogenized sample 


Unhomogenized sample 
Homogenized sample 70.7 


* P 
Lactic acid (no inhibitor) 


However, should noted that organic material general has less effect 
these compounds than such anti-bacterial substances phenols, mercury 
bichloride and iodine. 

test which the above factors were operating the experiments just 
described, new technique was devised. essentially method for laying 
down plaques known thickness vitro. These can 
exposed inhibitory compounds, used other types experiments. 


Preparation plaques” known thickness 


These plaques are prepared from samples homogenized suspensions 
plaque order pipette accurate aliquots given plaque sus- 
pension, necessary have small particles uniform size. make such 


R.G. 38.5 
58.2 
5.0 66.5 
| 
2.3 68.4 
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suspensions, devised convenient type homogenizer. consists 
all-glass syringe, the plunger which ground give slight taper 
indicated. About halfway the plunger, slits are cut through the glass 
opposite sides. This done with small, silicon carbide, abrasive disk. 
Grooves are cut from the slits the handle permit air leak out the 
plunger forced into the barrel. tip the barrel sealed with Khotin- 
sky cement some similar substance. The plunger attached the shaft 
motor means rubber hose connection, which slips over 


the top the plunger and its tape The homogenizer shown 
fig. 


glass 
tapered 
> cement 
Plunger 


homogenize the plaque material, sample placed the barrel the 
syringe, which then attached the bottom the plunger. The motor 
then turned and the barrel slowly foreed hand. This squeezes the 
plaque sample between the plunger and the barrel the slits, where enters 
the inner well the hollow plunger. From here may removed with 
capillary pipette through hole previously cut the handle the plunger. 
This homogenizer will give uniform suspensions that settle out only very slowly. 

0.05 0.2 aliquots such suspension were pipetted means long- 
tipped, capillary pipettes into hematocrit tubes such Wintrobe 
These tubes were then centrifuged for minutes 3,200 
The plaque material was deposited tightly-packed, uniform layer whose 
depth could estimated from the millimeter scale the tube, shown fig. 

The supernatant fluid was carefully withdrawn with capillary tube 
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placed the solution whose activity was prescribed 
period contact, this solution was turn withdrawn and the walls the tube 
above the plaque washed with distilled water. Capillary pipettes were used 
and was taken not disturb the plaque. The plaque itself was then 
resuspended known volume water buffer solution and transferred from 
the hematocrit tube microcentrifuge tube. Sufficient solid glucose was 
added give per cent solution. The plaque suspension was incubated for 
minutes, the end which time half-saturated CuSO, solution was added 
(0.2 ec. per ec. suspension). This served stop all enzyme action well 
provide for the first step the decarbohydrating procedure preparatory 
the lactate analysis. The latter was performed already described (7). 


Layered plaque material 


Penetration artificial plaques varying concentrations Zephiran 

means this technique the effect increasing concentrations Zephiran 
thicknesses plaque material was tested. The plaques were exposed 
the inhibitor for minutes. After this period the tubes were washed and the 
plaques transferred phosphate buffer and described. 
Table shows the results typical experiment. 

apparent that the degree penetration the detergent, measured 
the inhibition lactic acid formation from glucose, varies directly with the 
concentration the inhibition attained any given 
concentration function the thickness the plaque. That the failure 
the 1:500 and 1:1000 Zephiran solutions inhibit thick plaques markedly was 
not due (a) adsorption phenomenon, (b) combination with organic 
material, was demonstrated the following type experiment. 

number suspensions homogenized plaques were prepared give 
increasing density material. Zephiran give 1:1000 solution was 
added toeach. After minutes exposure these were centrifuged and the super- 
natant fluid removed and plaque material (precipitate) was tested 
for its ability form acid from glucose. the supernatant fluid, which 
had been removed, was added more fresh plaque material and the suspension 
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formed was similarly tested. case was any lactic acid produced. This 
showed that even the most dense suspension did not effectively remove the Zeph- 
iran from solution: Enough the detergent remained the supernatant- 
fluid inhibit effectively the metabolism still more plaque material. 


Two other powerful inhibitors bacterial metabolism were tested experi- 
ments similar the ones performed with Zephiran. One these was anionic 
type detergent marketed under the trade name This branched- 
chain soldium sulfate had been found very active against gram- 
positive organisms (11). likewise inhibited from 100 per cent the 
breakdown glucose lactic acid homogenized suspensions plaque ma- 


TABLE III 
Influence inhibitor concentration and plaque thickness acid production 
micrograms 
Treated with instead 0.05 0.5 57.4 
detergent solution 0.075 0.75 75.6 
(control samples) 0.1 1.0 130.0 
Zephiran 1:1000 0.05 0.5 
0.075 0.75 
0.1 1.0 
Zephiran 1:500 0.05 0.5 
0.075 0.75 
0.1 1.0 
Zephiran 1:100 0.05 0.5 
0.075 0.75 
0.1 1.0 


Exposed detergent for minutes. 


terial. However, when applied plaques situ gave only partial inhibition. 
1:1000 solution, when layered over plaques laid down hematocrit tubes, 
penetrated the thin layers best just Zephiran did. 

tested also the specific inhibitor gram-positive organisms isolated 
Dubos (12). This substance, inhibited the metabolic activity 
homogenized plaque material always over per cent, and usually between 
and 100 per cent, when was applied concentration 1:1000. Its 


penetrating ability toward layered plaque material, however, was slightly lower 
than that Zephiran. 


Part 


The inadequacy dilute solutions certain inhibitors penetrants 
bacteria-containing agglomerates has been demonstrated part The same 
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inadequacy observed with compounds markedly different from Zephiran 
illustrated experiments with glucose and with urea. 


Experiments with glucose 


Plaques equal thickness were laid down from 0.15 cc. aliquots homo- 
genized plaque suspension the technique described Part Section 
Glucose solutions increasing concentration were layered over these 
ficial After the period exposure, all excess glucose remaining above 
the plaque was removed carefully washing with water. The degree which 


TABLE 
The effect concentration glucose its penetration into plaques 
CONCENTRATION OF GLUCOSE LAYERED OVER THE PLAQUE LACTIC ACID CONTENT 
micrograms 
0.003 14.2 
0.03 22.5 
0.06 30.8 
0.12M 33.6 
0.60 50.2 


The plaques were 1.0 mm. thick, each prepared from 0.15 cc. plaque suspension. 
They were exposed the glucose solution for minutes. 


TABLE 
Influence exposure time the inhibitory action 50% urea 
micrograms 


each case two plaques were treated with urea and the results averaged. 
per cent urea solution gives essentially the same alkaline per cent urea under 
these conditions; but not sufficiently concentrated inhibit glycolysis. 


the glucose had penetrated could ascertained determining the lactic acid 
content the plaques, since glucose converted part lactic acid 
enters the plaques. The results such experiment are shown Table IV, 
which demonstrates that the penetration glucose, measured the quantity 
lactic acid produced, depends the concentration glucose. contrast 
the utilization glucose plaques” with its utilization the same 
quantity homogenized plaque material, experiment was performed 
which 0.15 the initial suspension was treated with 0.03 glucose. 
this case, the suspended material yielded much lactic acid the layered 
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plaque produced from 0.6 glucose. Thus can seen that the penetration 
glucose depends the same factors which influence the penetration 
plaques Zephiran, Tergitol-7, and Gramicidin. 


Experiments with urea 


Stephan (13) has shown that plaque material can decompose urea readily 
with the formation ammonia and the production markedly alkaline 
reaction. The possibility using urea dentifrice mouth wash for the 
prophylaxis caries was suggested. 

seemed desirable study the ability urea penetrate plaques” 
since very soluble, relatively non-toxic, and one the most readily dif- 
fusible physiological compounds. 

had performed some preliminary experiments which showed that 
per cent urea solution inhibited completely within seconds the glycolysis 
glucose homogenized plaque material. Hence was possible ascertain 
the degree which such solution penetrates layered plaque material ob- 
serving the inhibition glycolysis following exposure the urea. 

The results obtained with plaques exposed per cent solution urea 
are Table shown that even this 8.33 molar solution highly 
diffusible compound urea requires appreciable length time pene- 
trate the plaque. 


DISCUSSION 


The results presented this paper show clearly that inhibition bacterial 
metabolism intact dental plaques not easy achieve. apparent that 
the results obtained pure cultures microorganisms homogenized plaque 
material are very different from those observed the intact plaques. For 
example, powerful antibacterial compound such Zephiran will act asa 
bacteriostatic agent dilutions approximating million, and will prevent 
acid formation dense suspensions homogenized plaque material dilutions 
1:30,000. Yet, with intact plaques, dilution 1:1000 will give only 
partial 

appears from the results obtained with the detergents and with compounds 
smaller molecular size, e.g., glucose and urea, that diffusion into the plaque 
takes place surprisingly low rate. seems that this low rate dif- 
fusion results from the fact that the plaque holds its water rigid framework. 
Diffusion into such system occurs almost completely virtue osmotic 
pressure relationships since there are aids diffusion such mechanical 
mixing convection currents. very high diffusion gradient appears 
essential for rapid penetration intact plaques. Therefore, would seem that 


sterilization wounds and infected tissues probably offers problems similar 
those encountered our attempts inhibit the bacterial flora present intact dental 
plaques. Rarely does one find traumatized infected tissues situation where bacteria 
are easily accessible the germicide they are under the conditions “‘phenol 
coefficient 
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compound suitable for prophylaxis caries local application must 
possess relatively high solubility and diffusibility, and sufficiently 
(for oral mucosa) that relatively high concentrations can applied the 
teeth. Some the cationic synthetic detergents have very favorable 
when compared with other germicidal compounds (14). Nevertheless, 
there may some danger employing compounds like Zephiran and phemerol 
the teeth continually concentrations greater than 1:1000. this con- 
centration appreciable length time needed penetrate plaques. There 
need further reduction the toxicity this group compounds that 
solutions greater concentration may applied give the high diffusion 
gradient necessary penetrate plaques quickly. 

Urea offers promise prophylactic agent because its unusually high 
solubility, extremely low toxicity, and its high rate diffusion. Urea appears 
inhibit bacterial metabolism principally denaturing action. Since 
rapid denaturation proteins urea requires very high concentration, 
necessary employ nearly saturated solutions urea produce appreciable 
effect the plaques reasonable length time. 

The difficulties involved complete inhibition plaque microorganisms 
such powerful anti-bacterial solutions 1:1000 Zephiran per cent urea 
make one skeptical reports which new prophylaxis for dental caries 
the basis experiments performed with plaque microorganisms suspended 
water saliva. Such experiments should employed merely guides 
more rigorous ones under more nearly natural conditions, such described 
this and the preceding papers this series. 


SUMMARY 


investigation has been made the rate penetration several different 
types compounds into dental plaques. Experiments with powerful anti- 
bacterial compounds, e.g., germicidal detergents, demonstrated that 
the metabolic activity the intact plaque inhibited considerably more slowly 
than that equivalent quantity homogenized plaque material. was 
found that even very diffusible compounds such glucose and urea entered 
intact plaques rather slowly. These different types compounds all appear 
penetrate the plaques entirely passive diffusion. achieve rapid permea- 
tion thick plaques, high concentration gradient must established. 

technique was developed for laying down “artificial plaques” definite 
thickness vitro. These preparations proved very useful for experiments 
the ability various compounds permeate plaque material. means 
this technique was found that synthetic detergents, urea, and glucose 
penetrate direct proportion their concentration and time exposure, 
and inversely with the thickness the artificial plaques. 


The authors wish acknowledge the cooperation Dr. Robert Stephan who provided 
the many samples plaque needed for this investigation. 
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